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ABSTRACT 


An  automated  procedure  for  determining  warping  and  torsional  stresses 
in  open  steel  members  was  developed  by  Joseph  Palacak,  Jr.  in  1985.  His 
FORTRAN  program,  called  "TORSION",  determined  stresses  in  wide  flange, 
channel,  and  single  angle  members  under  various  1 ongi tudi nal ' bendi ng  and 

I 

torsional  loadings. 

In  order  to  validate  the  "TORSION"  program,  twelve  test  cases  were  run 
and  compared  to  the  same  cases  analyzed  using  a  commonly  used  manual 
technique.  For  this  manual  technique,  the  Torsional  Analys'is  Case  Charts 
developed  by  Bethlehem  Steel  were  used  to  compute  warping  ar»d  ■  torsi  onal 
stresses.  Tables  comparing  .the  calculated  stresses  by  the  "TORSION" 
program  and  the  torsion  tables  were  developed. 

In  addition,  stress  values  from  the  hand-calculated  problems  were 
compared  to  values  from  GTSTRUDL  output.  Comparison  tables  between 
GTSTRUDL  and  the  hand-calculated  values  are  also  presented. 
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Chapter  One 


INTRODUCTION 


1 . 1  Purpose  and  Objectives 

The  purpose  of  this  report  is  to  validate  a  FORTRAN  based  coTputer 

program  that  analyzes  warping  and  torsion  in  open  steel  members.  The 

objective  is  to  verify  the  program  "TORSION"  by  comparing  the  program's 

1 

output  with  hand-calculations  that  were  derived  using  an  acceptabl(?  and 
proven  method  of  torsional  and  warping  stress  analysis.  The  primary 
requirement  to  ’complete  the  hand-calculations  was  to  determine  the 
torsional  rotational  angle,  fl,  and  its  derivatives,  0',  3''. and  2'''. 

i  < 

These  values  were  determined  by  using  the  Torsional  Analysis  Case  Charts 

%  ’ 

developed  by  Bethlehem  Steel. 

1 . Z  Scope 

In  order  to  validate  the  torsional  and  warping  stress  analysis 
program,  "TORSION",  test  problems  were  used  that  contained  t'-'o  same 
parameter  limits  that  "TORSION"  had.  These  limits  included  the  types  of 
open  steel  members,  the  types  of  torsional  and  plane  bending  loads  applied 
to  the  member,  and  the  end  conditions  of  the  member.  "TORSION"  analyzed 
three  types  of  open  steel  members:  (1)  wide  flange  sections,  (2)  channel: 

and  (3)  single  angles.  The  end  condition  parameter  included  any 
combination  of  fixed,  pinned  or  free  end  conditions.  The  "TORSION"  member 
load  parameter  included  both  uniformly  distributed  and  concentrated  pla^p 
bending  and  torsional  loads.  The  Bethlehem  Steel  Torsional  Analysis  Case 
Charts  also  included  the  member  load  parameter  of  a  linearly  varying 
distributed  torque,  which  was  not  a  load  parameter  of  "TORSION". 


1 


1.3  Background 


Open  steel  members  are  subjected  to  plane  bending  stresses,  torsional 
and  warping  stresses  or  a  combination  of  both.  Under  plane  bending,  a 
member's  cross  section  is  subjected  to  (1)  1 ongi tudi nal /normal  bending 
stress  and  (2)  shear  stress. 

The  normal  bending  stress  (  (Tt  )  is  determined  by  the  formula: 

CTt  =  M  /  S  (Eqn.  1.1) 

J 
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where  M  =  bending  moment  acting  on  the  member's 
cross  section  (k-in.) 

S  =. section  modulus  of  the  member  (in. 3) 

The  shear  stress  (  T’b  )  °^  member's  cross  section  is  determined  by 
the  formula;  ' 

Tb  =  V  Q  /  I  t  (Equ.  1.2) 

where  V  =  shear  force  acting  on  the  member's 
cross  secti on  ( k ) 

Q  =  The  statical  moment  about  the  cross  section's  neutral  axis 
of  the  cross-sectional  area  between  the  free  ends  and  a 
plane  cutting  the  cross  section  at  a  specified  point  (in. 3) 

I  =  moment  of  inertia  of  the  member  ( i  n . 'I ) 
t  =  thickness  of  the  member's  web  or  flange  (in.) 

Figure  1  illustrates  the  plane  bending  and  shear  stresses  in  an  open 


steel  cross-section. 


..<•  Open  steel  members  that  are  under  torsional  loadings  are  subjected  to 
(1)  pure  torsional  shear  stresses,  (2)  warping  normal  stresses  and  (3) 
warping  shear  stresses.  The  torsional  moment  of  resistance  of  an  open 
steel  member  is  a  combination  of  St.  Venanfs  torsional  moment  for  an 
unrestrained  cross-section  and  warping  torsional  moment  of  a  resira-'.  ned 
cross-secti on . 

The  pure  torsional  shear  stress  (Zt)  is  determined  by  the  formula: 

t 

Xt  =  G  t  ^1'  (cqu.  1.3') 


where  G  =  shear  modulus  of  the  member  (ksi) 

t  =  thickness  of  the  member's  flange  or  web  (in.) 

d'  =  first  derivative  of  the  member's  torsional  angle 
^  %  • 

of  rotation 

The  warping  normal  stress  is  determined  by  the  formula: 

=  E  Wns  0”  (Equ.  1.4) 

where  E  =  modulus  of  elasticity  of  member  (ksi) 

Wns  =  normalized  warping  function  on  the  member's 
cross  section  (in. 2) 

d''  =  second  derivative  of  the  member's  torsional 


angle  of  rotation 


Ihe  warpifig  ;hear  street  (  Tvvs'  detenn'i  ned  by  the  fc'T^e’a; 

=  (  -E  Sws  ^  '  '  '  j  /  L  !  Eci: .  1  .  v  : 

where  E  =  modulus  of  elasticity  of  member  (ksi) 

Sws  “  warping  statical  moment  on  the  member's 
cross  sect-ion  'in.^; 

1 

t  =  thic'rness  of  member's  flange  or  -../eb 
5^'''  =■  third  derivative  of  member's  torsional 
angle  of  rotation 

t  • 

Figure  2  illustrates  tne  torsional  and  warping  stresses  -in  a'-'  coo' 
steel  member  cross-section. 

The  end  conditions  used  in  the  torsional  and  warping  s'^ear  analysis 
include  fixed,  pinned  and  free  end  conditions.  In  the  xed  end  cc  -  d’'  t  ■  cn , 
all  rotation  and  warping  of  the  member's  flanges  or  web  is  prohibited,  and 
is  similar  to  the  fixed  end  condition  used  in  plane  bending.  In  the  oinned 
end  condition,  the  member's  end  is  a'' lowed  to  ^reciy  warp.  However,  unlike 
the  pinned  end  condition  used  in  plane  bending,  the  torsional  pinned  end 
condition  does  not  allow  the  member  to  rotate.  In  the  free  end  condition, 
the  member's  end  is  allowed  to  notate  and  warp  freely. 
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Chapter  Two 


'  DEVELOPMENT  OF  HAND-CALCULATED  TEST  PROBLEMS 

2 . 1  General 

Twelve  test  problems  were  used  to  validate  the  "TGRS’GN''  orogram. 
These  twelve  problems  were  analyzed  for  plane  bending  stresses  as  well  as 
the  torsional  and  warping  stresses.  Hand-calculations  v.'ere  performed  bv 

I 

first  determining  the  values  of  the  rotation  angles  and  their  de’'i'.'at''ves 
through  the  Bethlehem  Steel  Torsional  Analysis  Case  Charts.  After  these 
values  were  dr^ermined,  the  various  stresses  were  calculated  usinc 
Equations  1.1  through  1.5. 

The  twelve  test  problems  used  were  as  follows: 


Problem  No. 

Beam  Selected 

End  Conditions 

1 

W14xl09 

Fixed-Free 

2 

W14xi59 

P  i  n  n  e  d  -  F  i  X  e  d 

3 

W  12x79 

Pi nned-Pi nned 

4 

W14x90 

Fixed-Fixed 

5 

W8xl5 

Fixed-Free 

6 

W10x49 

F  i  X  e  d  -  F  r  e  e 

7 

W6xl5 

Fi xed-Free 

8 

W3x6  7 

Fi xed-Free 

9 

C10x20 

Fi xed-Free 

10 

C12x30 

Fixed-Free 

11 

C5x9 

Fixed-Fr°e 

12 


MC18X42 


Fi xed-Free 


Although  "TORSION"  performed  torsional  shear  analysis  on  single  angle 
members,  these  member  types  could  not  be  properly  validated  by  hand  due  to 
limitations  in  using  the  Torsional  Analysis  Case  Charts  and  in  the 
"TORSION"  program  output  printout  for  single  angle  member  cases.  These 
limitations  are  further  discussed  in  later  chapters. 

Each  test  problem  consisted  of  either  a  wide  flange  member  or  channel 
member  under  various  plane  bending  and/or  torsional  loads.  The  va''''C'js 
bending  and  torsional  stresses  were  calculated  at  several  hev  ipcations 
along  the  beam's  length,  as  well  as  at  various  key  points  within  the  beam's 
cross-secti on . 

For  each  specified  location  along  the  beam's  length,  there  were  six 
items  that  were  calculated  for  each  test  problem:  (1;  values  of'il,  d"  ,  ' 

and  fi '  '  '  ,  (2)  plane  bending  stress  ( OV  )  >  (^)  flange  shear  stresses 

(  Tt-'f  ) »  (^)  torsional  shear  stresses  at  the  web  and  flange  (  Ttw 

~Cti=  )*  (5)  warping  normal  stresses  at  the  flange  tips  [Ow  1,  and  (6) 

warping  shear  stresses  at  the  flange  centers 

Hand-calculations  for  each  problem  are  shown  in  Appendix  A. 

2 . 2  Torsional  Analysis  Case  Charts 

The  Torsional  Analysis  Case  Charts  developed  by  Bethlehem  Steel  were 
used  to  determine  the  values  of  6,  i’’  and  0'''  for  each  orob-em. 

Although  the  charts  consist  of  twenty-six  various  cases  with  va’^ious 
torsional  load  types  and  end  conditions,  thirteen  of  the  charts  were  used 
for  the  twelve  test  problems  based  on  the  selected  loadings  and  end 
conditions.  The  charts  are  based  on  four  parameters:  (1)  tyoe  of 

torsional  load,  (2)  end  conditions,  (3)  location  along  the  member's  length 
(shown  in  the  charts  as  Fraction  of  Span  Length  7./L),  and  (4')  the  ratio  of 
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the  member's  overall  length  (L)  to  the  member's  torsional  constant  (  a  = 


J ECw/GJ  ).  This  L/a  ratio  is  the  actual  curved  lines  on  each  chart. 

For  each  chart,  the  x-axis  represents  the  Fraction  of  Span  Length 

(Z/L)  and  the  y-axis  represents  the  torsional  function  value  that  will  be 

used  to  determine  the  actual  values  of  0,  fi' ,  and  jl '  '  '  .  The  L/a  ratio 

is  one  of  the  limiting  factors  when  using  the  charts.  Depending  on  the 

particular  chart  being  used,  the  L/a  ratio  chart  curves  are  shown  for  L/A 

values  of  0.5,  1.0,  2.0,  3.0,  4.0  and  6.0.  Interpolation  can  be  performed 

1 

for  an  L/a  value  that  is  between  two  of  the  curves.  However,  there  can  be 
no  accurate  interpolation  for  an  L/a  value  greater  than  6.0  since  this  is 
the  last  curve  depicted  on  the  charts.  Since  "L"  and  "a"  are  both 
dimensions  and  properties  of  the  beam  used,  member  length  and  type  are 
governing  factors  in  selecting  a  beam  whose  L/a  ratio  is  6.0  or  fess. 

Due  to  the  L/a  ratio  limitation  of  the  charts,  few  single  angle 
members  could  be  used.  Because  the  torsional  constant  "a"  is  so  small  for 

single  angles,  these  members  could  only  have  a  length  of  a  few  inches  in 

order  to  remain  within  the  L/a  ratio  curves  on  the  charts. 

The  actual  Case  Charts  used  for  the  test  problems  are  shown  in 

Appendix  B.  Listed  on  each  Case  Chart  is  the  specific  test  problem(s)  for 
whi ch  i t  was  u sed . 

2 . 3  Determination  of  Plane  Bending,  Torsional  and  U'arpinq  Stresses 

The  determination  of  plane  bending  stresses  on  the  member  is  made  by 
analyzing  the  plane  bending  and  shear  forces  acting  on  the  member.  Shear 
and  moment  diagrams  are  established  illustrating  the  magnitude  of  these 
forces  at  various  locations  along  the  beam's  length.  Equations  1.1  and  1.2 
are  then  used  to  calculate  the  plane  bending  stresses  and  the  shear 


9 


stresses  in  the  member's  web  and  flanges.  These  plane  bending  and  shear 
stresses  were  calculated  at  the  points  on  the  extreme  fibers  of  the  flange 
tips  and  flange/web  connection.  These  calculation  points  are  shown  as 
points  0  and  2  on  the  wide-flange  cross-section,  and  points  0,  1  and  2  on 
the  channel  cross-sections. 

The  determination  of  torsional  and  warping  stresses  on  the  member  is 
made  by  analyzing  each  torsional  load  that  is  applied  to  the  member.  A 
separate  and  specific  Torsional  Analysis  Case  Chart  is  selected  for  each 

I 

individual  torsional  load  to  determine  the  values  of  i,  (J '  '  and 
After  these  values  are  calculated  for  each  torsional  load,  they  are  summed 
up  to  determine  the  overall  values  at  each  specified  location  along  the 
member's  length.  These  summed  values  of  fi,  jj '  ,  ^''  and  ^ '''' are 'then  used 
in  Equations  1.3,  1.4  and  1.5  to  calculate  the  torsional  and-  warping 

stresses  in  the  member's  flange  and/or  web.  However,  the  torsional  and 
warping  stresses  were  calculated  at  the  mid-thickness  of  the  flange  tips 
and  flange/web  connection.  Unlike  the  plane  bending  stresses  that  were 
calculated  at  the  extreme  fibers  of  the  member's  cross-section,  these 
torsional  and  warping  stresses  were  calculated  at  point  differed  by  one- 
half  the  flange  thickness.  Figure  3  illustrates  this  offset  difference. 

In  summing  up  the  plane  bending  stresses  with  the  torsional  and 
warping  stresses,  this  difference  between  the  points  of  calculation  were 
not  taken  into  account.  The  differences  in  the  calculation  points  from 
the  cross-section's  neutral  axis  caused  by  the  one-half  flange  thickness 
offset  was  approximately  3.9%  to  10.0%  for  the  twelve  test  problem  beams. 
By  not  including  this  offset  in  the  stress  calculation  summations,  some 
percent  differences  resulted  between  the  hand-calculated  results  and  the 
"TORSION"  program  results. 
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a.  Points  of  calculation  on  flange 
for  Plane  Bending  stresses, 
(extreme  fibers  of  flange) 


3 


b.  Points  of  calculation  on  flange 

for  Torsional  and  Warping  stresses, 
(mid-thickness  of  flange) 


OFFSET  DIFFERENCES  FOR  POINTS  OF 
STRESS  CALCULATION 


The  points  of  calculation  for  the  stresses  in  the  member's  web,  shown 
as  point  3  on  the  cross-section,  were  the  same  for  both  plane  bending  and 
torsional  and  warping  stresses.  Therefore,  there  were  no  additional 
differences  between  the  hand-calculations  and  the  program  for  point  3. 

The  twelve  test  problems  shown  in  Appendix  A  illustrate  the  unique 
aspects  of  each  case,  and  show  how  the  Torsional  Analysis  Case  Charts  are 
-used  in  combination  with  one  another  to  determine  the  appropriate  torsional 
values  under  various  torsional  load  conditions.  ' 


Chapter  Three 


"TORSION"  PROGRAM  FOR  STRESS  ANALYSIS 

3 . 1  General 

The  torsional  stress  analysis  program  "TORSION"  required  that  input 
files  for  each  test  problem  to  be  run  be  established  indicating  the  various 
parameters,  properties,  dimensions,  end  conditions,  locations  along  the 
member  length  to  be  examined,  load  types  and  load  magnitudes  applied  to  the 

I 

selected  member. 

The  program  al-so  had  three  general  requirements/assumptions  that  the 
user  needed  to  be  aware  of:  (T)  all  units  are  in  kips  and  inches,  (2) 

I  ‘ 

there  is  a  positive  upward  and  to  the  left  sign  convention  and  (3)  all 
loads  are  applied  at  the  shear  center  of  each  member,  and  therefore,  a  non- 
torsional  load  cannot  induce  torsional  stresses.  Due  to  the  third 
requirement/assumption,  the  program  "TORSION"  does  not  account  for  the 
additional  torsional  load  on  a  channel's  cross-section  caused  by  the 
eccentricity  between  the  point  of  load  application  on  the  cross-section's 
centroid  and  the  shear  center. 

The  boundary  conditions  for  "TORSION"  consisted  of  fixed,  pinned  o'- 
free  end  conditions  or  any  combination  thereof.  Similar  to  the  Torsional 
Analysis  Case  Charts,  the  fixed  condition  prevented  both  rotation  and 
warping  of  the  member's  end  and  the  pinned  end  condition  prevented  end 
rotation  but  allowed  for  warping. 

Prior  to  using  the  "TORSION"  program,  the  source  program  file  had  to 
be  re-compiled  on  an  IBM  computer  using  a  FORTRAN  compiler  that  different 
than  that  used  by  "TORSION'S"  original  author. 
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3.2  Input  and  Output  Files 


An  input  file  for  "TORSION"  was  established  for  each  of  the  twelve 
test'  problems.  "TORSION"  output  files  listed  the  various  parameters, 
forces,  properties  and  dimensions  for  the  beam  selected,  as  well  as  the 
sections  along  the  member's  length  that  were  to  be  analyzed. 

For  each  torsional  loading,  the  values  of  {S',  i;) '  '  and  '  were 
calculated  and  listed.  Normal  and  torsional  stresses  at  various  points  of 
the  member's  cross-section  were  listed  for  all  plane  bending  and  torsional 
loadings  as  well  as  the  combined  bendi ng/tor si onal  loadings.  Allhough  the 
stresses  were  calculated  with  the  summation  of  all  torsional  loadings,  the 
values  of  iJ,  (! '  ,  ^''  and  V  '  '  were  only  listed  for  each  individual 
torsional  loading,  and  had  to  be  summed  up  by  hand. 

A  complete  list  of  each  input  file  and  "TORSION"  output  printout  for 
the  twelve  test  problems  are  shown  in  Appendix  C. 


14 


Chapter  Four 


COMPARISON  OF  "TORSION"  PROGRAM  AND  HAND-CALCULATED  STRESS  RESULTS 

A , 1  General 

Comparison  tables  of  the  various  results  acquired  thrcuqh  the 
"TORSION"  program  and  hand-calculations  v;ere  establishocl  to  ceter'inire  the 
percent  differences  between  the  two  analysis  methods.  Percent  dif'I'erences 
in  both  the  plane  bending  stresses,  torsional  and  warping  stciesses  were 
calculated  and  tabulated  for  each  test  problem.  Since  the  torsional  and 
warping  stresses-  a're  directly  correlated  to  i' ,  '  and  d '  '  '  (Equations 

1.3,  l.A  and  1.5),  comparison  tables  of  the  torsional  angle,  of  rotation  and 

(  I 

its  derivatives  are  also  shown. 

*  ' 

A . 2  "TORS  I  ON" /Hand-Cal cul ati on  0,  O',  0'',  0'''  Comparison  Tables 

Tables  A.l  through  A. 8  illustrate  the  Phi  angle/derivatives  comparison 
for  wide-flange  sections.  The  percent  differences  calculated  range  from  CX 
to  2A.56X.  Although  most  differences  are  within  15%,  there  are  random 
differences  that  are  higher. 

Tables  A. 9a  through  A. 12b  illustrate  the  Phi  angle/derivatives 
comparison  for  channel  sections.  These  percent  differences  range  ^rom  OX 
to  52.96X.  Although  most  differences  are  within  15X,  there  are  random 
differences  that  are  higher. 

Since  the  values  of  and  f. '  '  '  were  derived  through 

interpolation  of  the  Torsional  Analysis  Case  Charts,  errors  in 

interpolating  the  exact  value  from  the  L/a  ratio  curve  did  contribute  to 
the  percent  differences.  In  addition,  Tables  A. Pa,  A. 5b,  A. 12a  and  '<.12b 
illustrate  the  significant  percent  differences  in  d,  t'  '  and  '  that 
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PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Problem  No . ; 
Beam  Selected: 
End  Conditions: 
Length  (inches): 


1 

W14X109 
Fi xed-Free 
300 


5^ 


^ ^ 

.2G 


4) 


I 


iO^ 


"Torsion"  -."Hand-CaTc . " 


V 

M 


At  Support  (0  in): 

Phi 

0 

0 

Phi  '  ' 

1.15753x10-5 

1.14363x10-5 

Phi ' 

0 

0 

Phi  '  '  ' 

-1.74761x10-7 

-1.75000x10-7 

At  .7L  (210  in)  : 

Phi 

.090238- 

.0912537 

Phi  '  ' 

-3.45695x10-6 

-3.41456x10-6 

Phi  ' 

3.79325x10-4 

.0003906 

Phi  '  '  ' 

-3.36750x10-8 

-3.12564x10-8 

At  Free  End  ( 300  in): 

Phi 

.115666 

.1163885 

Phi  '  ' 

4.04x10-11  =  "0" 

0 

Phi  ' 

.00023662 

■  .000202459 

Phi  '  '  ' 

3.21707x10-8 

2.7502x10-8 

20,: 

or. 


l.liz 

1.23X 

2.89 

7.19 


0.621 

01 

1  A.  51% 


Table  4.1:-  PHI  ANGLE/DERIVATIVES,  PROBLEM  1 
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PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Problem  No. 
Beam  Selected 
End  Conditions 
Length  (inches) 


wnxiso 

Pinned-Fixed 

/(32 


12"^ 


•  "Torsion" 

"  H  a  n  d  -  C  a  1  c . " 

1.  Diff 

\  • 

At 

Pinned  Suppor 

t  (0  in): 

Phi 

0 

0 

A  f 

Phi  '  ' 

<1,2778x10-13  =  "0" 

0 

oz 

Phi  ' 

.13633x10-3 

.123196x10-3 

9.63Z 

Phi  '  ' 

'  -.16323x10-7 

-.165058x10-7 

1 .  IIZ 

At 

.25L  (108  in) 

; 

Phi 

.012334 

.010649 

13.66% 

Phi  '  ' 

-  .06267x10-6 

-.84551x10-6 

1.98% 

Phi  ' 

.77173x10-4 

6.92979x10-6 

10.20% 

Phi  '  ' 

'  -.28600x10-8 

-3.30116x10-9 

13.35% 

At 

Fixed  Support 

(432  in) : 

* 

Phi 

.72407x10-7  =  "0" 

0 

0% 

Phi  '  ' 

.29064x10-5 

2.67744x10-6 

7.88% 

Phi  ' 

,10643x10-11  =  "0" 

0 

0% 

Phi  '  ' 

'  .59098x10-7 

5.611^7x10-8 

5.04% 

Table  4,2  -  PHI  ANGLE/DERIVATIVES,  PROBLEM  2 
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PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Problem  No. 
Beam  Selected 
End  Condition: 
Length  (inches) 


3 

W12x79 

Pinned-Pinned 

360 


_f 

'I  25  t'iW 

U 

36''-J 

oco’’ 

> 

- r 

H - ^ - 

36d" 

"Torsion" 

"Kand-Calc." 

%  Diff, 

Left  Support  (0  in) 

Phi 

0 

0 

0% 

Phi  '  ' 

0 

0 

*  GX 

Phi  ' 

5.78920x10-4 

5.61524x10-4 

3.00X 

Phi  '  '  ' 

-1.72400x10-7 

-1.75724x10-7 

1 .39X 

.IL  (36  in); 

Phi 

.019483 

.018792 

3.55X 

Phi  '  ' 

-6.48172x10-6 

-6.16842x10-6 

4.S3X 

Phi  ' 

4,64730x10-4 

■  4.49917x10-4 

3.19X 

Phi  '  '  ' 

-1.95537x10-7 

-1.98307x10-7 

*  ^  A  V 

1  *  ^  M 

.7L  (252  in)  : 

Phi 

.038165 

.037123 

n  T 

C  .  i 

Phi  '  ' 

-4.2233x10-6 

-4.18394x10-6 

n  A  7  V 

Phi  ’ 

-2.2093x10-4 

-2.16240x10-4 

2. 12X 

Phi  '  '  ' 

-5.18222x10-8 

-4.9636x10-8 

4.22X 

Right  Support  (360 

in): 

Phi 

8.6327x10-8  =  "0" 

0 

0 

W  f 

Phi  '  ' 

1.9459x10-11  =  "0" 

0 

01 

Phi  ' 

-4.16280x10-4 

-3.98763x10-4 

3.37X 

Phi  "  ' 

2.76902x10-8 

2.98754x10-3 

9.32X 

Table  4.3  -  PHI  ANGLE/DERIVATIVES,  PROBLEM  3 
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PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Probl em  No .  : 
Beam  Selected: 
End  Conditions; 
Length  (inches): 


4 

W14x90 
Fi xed-Fi xed 
480 


.6  '^/FT 


L'' 

K 

I 


V. 


=;r 


2^0' 


4S0" 


50  !C-1N 

-1 


-y> 


.y  'c-w/i.vi 


t  • 

"Torsion"  "Hand-Calc."  X  Diff 


At  Left  Support  (0  in): 


Phi 

0 

0 

OX 

Phi  '  ' 

1.33337x10-5 

1.35564x10-5 

2.04X 

Phi  ' 

0 

0 

r '/ 

Phi  '  " 

-2.08433x10-7 

-2.09115x10-7 

n  ^  n 

W  »  C  A) 

.5L  [240  in)  : 

Phi 

.096856 

.097553 

0.71% 

Phi  '  ' 

-8.1611x10-6 

-8.06937x10-6 

1 . 12X 

Phi  ' 

2.76211x10-9  =  "0" 

0 

OX 

Phi  '  '  ' 

-5,37320x10-8 

-5.38956x10-8 

0.30X 

Right  Support 

(480  in]  : 

Phi 

1.8102x10-6  =  "0" 

0 

OX 

Phi  '  ' 

1.38388x10-5 

1.35564x10-5 

2.04X 

Phi  ' 

-2.2859x10-9  =  "0" 

0 

CX 

Phi  '  '  ' 

2.08483x10-7 

2.091146x10-7 

n  '2  0*' 

.  -r  U  >• 

Table  4. A  -  PHI  ANGLE/DERIVATIVES,  PROBLEM  4 
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PHI  ANGLE  AND  DERIVATIVES 
COMP’RISON  TABLE 


Problem  No . :  5 

Beam  Selected:  W8xl5 
End  Conditions:  Fixed-Free 
Length  (inches):  60 


Torsion"  "Hand-Calc."  1  Diff. 


At  Support  (0  in) 

Phi 
Phi '  ' 

Phi  ' 

Phi  '  '  ' 

At  .3L  (18  in)  : 

Phi  .026647  .030922  13. 83^ 

Phi''  -.54646x10-4  -.00005465  3.19Z 

Phi'  .19654x10-2  .0019695  C.21t 

Phi'''  -.18042x10-4  -.00001798  C.34: 


0  0 

.27899x10-3  .00027499 

0  0 

-.20042x10-4  -.00001995 


At  Free  End  (60  in): 


Phi 

.080349 

.080397 

p  r'  r; 

L  .  'J  0  M 

Phi  '  ' 

.63497x10-11  = 

"  C "  0 

U  ^ 

Phi  ' 

.96339x10-3 

.0007378 

^  •  C.  w" 

Phi  '  '  ' 

.98034x10-6 

7.99x10-7 

1  j 

able  4.5  -  PHI  ANGLE/DERIVATIVES,  PROBLEM  5 


C3  CO 


PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Problem  No. 
Beam  Selected 
End  Conditions 
Length  (inches) 


6 

WiOx49 

Fixed-Free 

192 


'  1 

- - >■> 

•  H  1^-lN/ivj 

112" - - 

^  ;0  ^ 

"Torsion" 

"Har.J-Calc." 

X  Diff, 

%  • 

At  Support  (0  in): 

Phi 

0 

0 

OX 

Phi  '  ' 

.19602x10-4 

. 18693x10-4 

4.94X 

Phi  ' 

0 

0 

OX 

Phi  '  ’  ' 

-.63952x10-6 

-6.22110x10-7 

1,111. 

At  .5L  (96  in)  : 

Phi 

.029039 

.02620 

9.7SX 

Phi  '  ' 

-  .  36197x10-5 

-3.6230x10-6 

■  0  .  C9X 

Phi' 

.  24734x10-3 

.0002422 

2.08X 

Phi  '  '  ' 

.63667x10-7 

6.2"llGxlC-8 

2.  29X 

At  Free  End  (192  in): 

Phi 

.043101 

.04030 

■J  »  J  'J  f* 

Phi  '  ' 

-.26550x10-11  = 

"0"  0 

r\  f 
'J  M 

Phi  ' 

.10137x10-3 

.0001211 

1 6  .  2  ^  '/C 

Phi  '  '  ' 

. 26093x10-7 

2.0737x10-8 

20.53X 

Tabic  4.6  -PHI  ANGLE/DERIVATIVP.S ,  PROBLEM  6 


PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Problem  No. 
Beam  Selected 
End  Conditions 
Length  (inches) 


7 

W6xl5 

Fixed-Free 

42 


^  MW 

1  ^ 
n  f’ d" 

/ 

12" 

^  l/.G 

"* — : - 

"Torsion" 

"Hand-Calc. " 

2  Diff 

%  ' 

At  Support  (0  in): 

Phi 

0 

0 

07. 

Phi  '  ' 

.20651x10-3 

.00021008 

1.702 

Phi  ' 

0 

0 

02 

Phi  '  '  ' 

-.18043x10-4 

-.00001823 

1.302 

At  .3L  (12.6  in)  ; 

Phi 

.010563 

.007893 

24.562 

Phi  '  ' 

-  .  15550x10-'! 

-.00001616 

3.772 

Phi  ' 

.11951x10-2 

.00142357 

16.342 

Phi  '  '  ' 

-.17439x10-4 

-.00001773 

1.642 

At  Free  End  (42  in): 

Phi 

.041242 

.047357 

12.912 

Phi  '  ' 

.23221x10-12  = 

"  0 "  0 

02 

Phi  ' 

.07444x10-3 

■  .00107143 

9.052 

Phi  '  '  ' 

.49229x10-6 

5.4843x10-7 

10.242 

Table  4.7  -  PHI  ANGLE/DERIVATIVES,  PROBLEM  7 
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PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Probi em  No . :  S 
Beam  Selected:  U8x67 
End  Conditions;  Fixed-Free 
Length  (inches):  108 


"Torsion" 

"Hand-Calc." 

Z  D  i  f  f 

At  Support  (0  in): 

Phi 

0 

0 

OZ 

Phi  ’  ’ 

-6.2595x10-6 

-6.188x10-6 

i.i4Z 

Phi  ' 

0 

0 

oz 

Phi  '  '  ' 

i. 29^5x10-7 

1.30x10-7 

0.  38Z 

At  .3L  (31.  A  in)  : 

Phi 

-2.55981x10-3 

-2.6162x10-3 

2. 16Z 

Phi  '  ' 

-1.76100x10-6- 

■  -1.8566x10-6 

5  . 14Z 

Phi  ' 

-1 .3^279x10-4 

-.0001371 

2.06Z 

Phi  '  '  ' 

1.80392x10-7 

1.69x10-7 

6.  32Z 

At  Free  End  (108  in): 

Phi 

-1.13664x10-2 

-.011642 

2.211. 

Phi  '  ' 

-1.48674x10-10  = 

"0"  0 

OZ 

Phi  ' 

-7.892x10-5 

-.00008175 

3.46Z 

Phi  '  '  ' 

-1.07003x10-7 

-1.04x10-8 

2.81Z 

Table  A. 8  -  PHI /ANGLE  A)ERIVATIVES ,  PROBLEM  8 
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PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Problem  No. 
Beam  Selected 
End  Conditions 
Length  (inches) 

9a 

C10x20 

Fixed-Free 

60 

V 

•s 

1  '2 /FT 

$  'll  '/  '1/ 

4/  r>  •i'  nI/  4/ 

/  -J/ 

If 

V  30  K-IH 

- 

.  l! 

- —ho- - <-l 

VALUES  INCLUDE  THE  TORSIONAL  FORCES  DUE  TO  ECCENTRIC 
LOADING  OF  THE  UNIFORM  DISTRIBUTED  LOAD  THROUGH  THE  CHANNEL'S  SHEAI?  CENTER 


At  Support  (0  in) 


"Torsion" 


"Hand-Calc." 


I  Di 


Phi 
Phi  '  ' 
Phi  ' 
Phi  '  '  ’ 

At  .3L  (18  in) : 


0 

21630x10-3 

0 

1817AX10-A 


.00026A3 

0 

.00002203 


or. 

1.3.161 

0'/. 

17.50% 


Phi 

.019083 

.0246337 

22.5  3'% 

Phi  '  ' 

-.62927x10-4 

-.00005438 

13 . 58% 

Phi  ' 

.12938x10-2 

.001773 

27 . 03% 

Phi  '  '  ' 

-.14926x10-4 

-.00001636 

8.74% 

At  Free  End  (60  in)  : 


Phi 
Phi  '  ' 
Phi  ' 
Phi  '  '  ’ 


.0^4149 

.59204x10-10 

31087x10-2 

.78042x10-6 


_  >1  n  " 


.066842 

0 

.0006358 

.000001605 


33.95% 

0% 

51.11% 

51.33% 


Table  4.9a  -  PHI  ANGLE/DERIVATIVES,  PROBLEM  9a 
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PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Problem  No .  : 
Beam  Selected: 
End  Conditions: 
Length  (inches): 


9b 

ClOxZO 

Fixed-Free 

60 


I 


1  K/pr 


\l/  '1/  '1' 

4'-  O'] 

/  4'  'I'  \!'.  4' 

4/  vif 

\ 

v} 

1  19" 

u 

J 

30 

■■•JO 

- 

—  go" - 

— ► 

*  HAND  CALCULATION  VALUES  00  NOT  INCLUDE  THE  TORSIONAL  FORCES  DUE  TO 
ECCENTRIC  LOADING  OF  THE  UNIFORM  DISTRIBUTED  LOAD  THROUGH  THE  CHANNEL'S 
SHEAR  CENTER 


"Torsi  on" 

"Hand-Cal c . “ 

%  Diff, 

At  Support  (0  in): 

Phi 

0  . 

0 

0% 

Phi  '  ' 

.21630x10-3 

.0002146 

0.79% 

Phi  ' 

0 

0 

0% 

Phi  '  '  ' 

-.18174x10-4 

-.00001828 

0.58% 

At  .3L  (18  in)  : 

Phi 

.019083 

■  .018723 

1.86% 

Phi  '  ' 

-.62927x10,-4 

-.00006184 

1.73% 

Phi  ’ 

.12938x10-2 

.0013031 

0.71% 

Phi  '  '  ' 

-.14926x10-4 

-.00001499 

0.40% 

At  Free  End  (60  in): 

Phi 

.044149 

.043219 

2.11% 

Phi  '  ' 

-.59204x10-10  = 

"0"  0 

0% 

Phi  ' 

.31087x10-2 

.0002896 

6.64% 

Phi  '  '  ' 

.78042x10-6 

7.3126x10-7 

6.30% 

Table  4.9b  -  PHI  ANGLE/DERIVATIVES,  PROBLEM  9b 
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PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Probl em  No . : 
Beam  Selected: 
End  Conditions: 
Length  (inches): 


10 

C12x30 

Fixed-Free 

108 


.3 


<*- 


«- 


«r- 


.2  l^^lU/,u 


■!0? 


"Torsi  on" 

■  "Hand-Calc." 

:  Diff, 

%  ' 

At  Support  (0  in): 

Phi 

0 

0 

or. 

Phi  '  ' 

-4.6154x10-5 

-.4542x10-4 

1.59Z 

Phi  ' 

0 

0 

OS 

Phi  '  '  ' 

1.2313x10-6 

1.212x10-6 

1.57S 

At  .3L  (32.4  in)  : 

Phi 

'9x10-2 

-.017098 

5. SOS 

Phi  '  ' 

-1.02406x10-5 

-1.3423x10-5 

23. 71S 

Phi  ' 

-9.2765x10-4 

-9.014x10-4 

2.79S 

Phi  '  '  ' 

1.39828x10-6 

1.35621x10-6 

4  .  21S 

At  Free  End  (108  in): 

Phi 

-7.24163x10-2 

-.070244 

3.00S 

Phi  '  ' 

-3.12819x10-9  = 

"  0 "  0 

OS 

Phi  ' 

-4.02456x10-4 

-.0004177 

3.65S 

Phi  '  '  ' 

-8.88997x10-7 

-8.7229x10-7 

1 .88% 

Table  4.10  -  PHI  ANGLE/DERIVATIVES,  PROBLEM  10 
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PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Problem  No . : 
Beam  Selected; 
End  Conditions; 
Length  (inches); 


li 

C5x9 

Fi xed-Free 
42 


■  ■  -  f 

'T  40  K-)M 

- - 12-6 - 

J  . 

1)2’' - 

"Torsion" 

■  "Hand-Calc." 

%  Oiff 

%  ■ 

At  Support  (0  in); 

Phi 

0 

0 

Ot 

Phi  '  ' 

.30579x10-2 

.002950 

3.532 

Phi  ' 

0 

0 

Phi  '  '  ' 

-.47020x10-3 

-.000472 

0.382 

At  ,3L  (12.6  in)  : 

Phi 

.11685 

.114633 

1.902 

Phi  '  ' 

-.11897x10-2 

-.001141 

4.092 

Phi  ' 

.99488x10-2 

.009830 

i  .192 

Phi  '  '  ' 

-.32743x10-3 

-.000331 

1.032 

At  Free  End  (42  in): 

Phi 

.19976 

.196514 

1.622 

Phi  '  ' 

.189x10-8  =  "0" 

0 

02 

Phi  ' 

.58739x10-3 

.000655 

10.322 

Phi  '  '  ' 

.84293x10-5 

.00000944 

10.712 

Table  A. 11  -PHI  ANGLE/DERIVATIVES,  PROBLEM  11 
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PHI  ANGLE  AND  DERIVATIVES 
COMPARISON  TABLE 


Problem  No. 
Beam  Selected 
End  Conditions 
Length  (inches') 


12a 

MC18x42 
Fi xed-Free 
192 


I 


*  HAND  CALCULATION  VALUES  INCLUDE  THE  TORSIONAL  FORCES  DUE  TO  ECCENTRIC 
LOADING  OF  THE  TWO  CONCENTRATED  LOADS  THROUGH  THE  CHANNEL'S  SHEAR  .CENTER 


"Torsion"  "Hand-Calc."  2  Diff. 


At  Support  (0  in): 

Phi 
Phi  '  ' 

Phi  ■ 

Phi  '  ’  ' 

At  .5L  (96  in): 

Phi 
Phi  '  ' 

Phi  ' 

Phi  '  '  ' 

At  Free  End  (192  in): 

Phi 
Phi  '  ’ 

Phi  ' 

Phi  '  '  ' 


0 

.39802x10-4 

0 

-.15538x10-5 


0 

4.656x10-5 

0 

-1.6933x10-6 


.049015 

-.74574x10-5 

.32272x10-3 

.17989x10-6 


.06624 

-3.5077x10-6 

.0006811 

2.31328x10-7 


.062393 

-.25325x10-9 

.66205x10-4 

.36904x10-7 


.12042 

"  0 "  0 

.000056361 

1.7916x10-8 


or. 

14.512 

0% 

8.242 


26.002 

52.^62 

52.522 

22.242 


48.192 

02 

14 .872 
51.452 


Table  A. 12a  -  PHI  ANGLE/DERIVATIVES,  PROBLEM  12a 
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PHI  ANGLE  ANO  DERIVATIVES 
COMPARISON  TABLE 


Problem  No . : 
Beam  Selected: 
End  Conditions: 
Length  { i nches ) ; 


12b 

MClSx^'lZ 
Fi xed-Free 
192 


2*^ 

I 

T 


U  s 

i 


*  HAND  CALCULATION  VALUES  00  NOT  INCLUDE  THE' TORS  I ONAL  FORCES  DUE  TO 
ECCENTRIC  LOADING  OF  THE  TWO  •  CONCENTRATED  LOADS  THROUGH  THE  CHANNEL  '-S  SHEAR 


"Torsion"  "Hand-Calc."  X  Diff'. 


At  Support  (0  in): 

Phi 
Phi  '  ' 

Phi  ' 

Phi  '  ' 

At  .5L  (96  in)  : 

Phi 
Phi  '  ' 

Phi  ' 

Phi  '  '  ' 

At  Free  End  (192  in): 

Phi 
Phi  '  ' 

Phi  ' 

Phi  '  '  ' 


0 

.39803x10-4 

0 

-.15538x10-5 


0 

.39488x10-4 

0 

-.1544x10-5 


.049015 

-.74574x10-5 

.32272x10-3 

.17989x10-6 


.04884 

-7.5494x10-6 

3,07060x10-3 

1.7161x10-7 


.062393 

-.25325x10-9  =  "0" 
.66205x10-4 
.36904x10-7  =  "0" 


.06234 

0 

.614x10-4 

0 


OX 

79X 

OX 

63X 


.  j  U  ,<• 

1.22X 
i .  16X 
4.60X 


.03X 

OX 

7.26X 

OX 


Table  4.12b  -  PHI  ANGLE/DERIVATIVES ,  PROBLEM  12b 
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occur  when  torsional  forces  due  to  the  eccentric  loading  through  a 
channel's  shear  center  are  included  in  the  calculations. 

4 . 3  "TORSION"/Hand-Cal cul ati on  Stress  Comparison  Tables 

Tables  4.13  through  4.24b  illustrate  the  normal  stresses  and  torsional 
stresses  calculated  determined  by  the  "TORSIOfJ"  program  and  hand- 

calculations,  and  the  percent  differences  between  the  two  analysis  methods. 

Percent  differences  could  not  be  calculated  in  cases  where  the  stress 
value  derived  by  hand  was  0  ksi  and  the  stress  derived  by  "TORSION"  was  an 

actual  value.  Percent  differences  for  these  cases  are  annotated  by  a 

question  mark. 

Tables  4.13  through  4.24b  also  illustrate  the  errors  d^n  thp  "TORSION" 

stress  output.  For  example,  in  Test  Problem  No.  5  (W8xl5,  Fixed-Free), 

» 

"TORSION"  calculates  an  increasing  bending  and  shear  stress  along  the 
member's  length  from  the  support  to  the  free  end,  which  cannot  be  the  case 
for  these  boundary  conditions.  Similar  situations  with  plane  bending 

stresses  for  the  fixed-free  boundary  conditions  are  apparent  in  Test 
Problems  No's.  6,  9a,  12a  and  12b. 

In  the  other  cases,  the  percent  differences  are  quite  ':mall. 

Comparison  of  the  percent  differences  of  the  i' ,  ij '  '  and  at  specific 

length  locations  and  cross-section  points  with  the  calculated  stress 
percent  differences  at  the  same  points  and  locations  show  a  high  degree  of 
similarity.  This,  of  course,  would  be  the  case  since  the  stresses 
calculated  with  Equations  1.3,  1.4  and  1.5  are  directly  related  to  the  (}', 
(j '  '  and  0'''  values.  Therefore,  percent  differences  in  these  values  would 
be  reflected  by  similar  percent  differences  in  the  calculated  stresses. 
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TORSION"  AND  HAMD-CALCULATI ON  RESULTS 
COMPARISON  TABLE 

Problem  1 

Beam  Selected;  v-JlAxl09 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Location 

Location  1:  0  inches 
Location  2:  210  inches 
Location  3:  300  inches 


I  I 

I  (.t-i  I  O 

I  >— 4  I 

I  I  • 

I  ! 

I  I 


a  :2s; 
^  o> 
» — • 


o>  c— 

<o  -< 

CO  C-J 

O 

.—T 


C_> 

C-> 

2j 


<o 


C3 

1 

o 

>—4 

1 

<:> 

tn 

t 

cz> 

rsr; 

1 

o 

o> 

1 

“ 

c—  1  I 


fjL-. 

H—l 


rvj 


?r: 

o 

»— 4 

c— 

•*< 

C-^ 

c? 


C-> 


<T^ 

<yN 


oo 


^  <0 

X  OJ  o 
QJ  <0 
^  U* 

rc  *  • 

I  ^ 

-  .  •*-» 
c«  3?;  <u  CP 
O  -C  X  cl 
pri  UJ  <D 

CXi  CQ  Cx-i 


s 


t/'3 

r>r: 


oo 

<-0 

t-t-1 

i:»r: 

i:-‘ 

c-/"J 


i 


r-.  r-' 

IM.*  l’'-* 

if“»,  c'^T. 


O 

mr.;  ■ — 


•o 


0‘» 


«c»  • — »  c-> 


r-  r--‘  i:-- 

l.''^  1"^  I  !  '•  .• 

ii;jt  I  ,  «T>  I 


rji  ^ 


iXi 


p— » 

o  o*  » 

"Nj*  -^r 

• 

^ir  '<r 

1 

«:r>  ■.  n 

<ro 

•0  di*  • 

•C»  lj’'> 

«— j 

O'  *r:3 

“*■3* 

. — 1 

t-r.  , — t 

• 

- 

L-~~» 

, — ^  j 

»X‘  ty.t 

ro 

'O'  O'  * 

CJ*^  f'Z* 

»“-i 

O*  <''y 

■^3' 

O'*  *— < 

r—  o"* 

•.o 

fO 

.--4 

i  , 

€••*4  i 

c:- 

i  1 

cr>  irT“* 

•o 

r*4  f  « 

oo  or* 

•o 

— '  0  » 

fr*4  «'vj 

r-t  H  1 

*-0 

“rr 

O-f  ‘-C>  1 

«-• 4  l-~ 

C“..J 

.  rWi  sjr«  1 

OJ  s.c> 

»  .J'.  »fO  ' 

•..O  O*’ 

1 

r—  1  1—-  1 

.  r*-» 

-  •  1 

> 

O' 

O'  0*  ' 

<**•*■.»  <*‘-1 

k  '  \ 

•'ij* 

« r-'  0'>  1 

r-4  .—I 

■v;* 

•-<r  •/"■»  1 

rv.1 

'O  rvi  ' 

1,0 

.-H  c“*  >  > 

5— - 

0~.  r-M  » 

•..O  OkI 

! 

«!••>  »r-  i 

o> 

'■::'  0  ' 

c:>  o 

•"**4  r— 1  t 

o> 

-M  .t>  1 

'Ti'' 

♦•  — '  r—J  1 

•n* 

CO 

«’'v|  ' 

*i«;> 

S.C'  ' 

t*r.  ' 

•  - '  ' 

■O 

l“••.l 

«.•--*  crj) 

C^"} 

•^r  «o  ' 

•*•-1* 

■ri''  ' 

.■»  s 

,  r:*'\  ) 

i'r> 

;2‘;  ; 

c:'. 

•::•  c:'.  > 

.-. 

r-  4 

*■0 

o> 

,-,  ..  ., : 

r-« 

r— • 

r- 

r*  • 

C-' 

r-l  r,.:  r-’.  1 

t  >4 

t  . 

i''‘- 

I , 

<  4 

;  1  1  r  '  1  i"»  r  ^ 

•:7_’ 

•  !L'' ' 

•-? ' 

'  ■■'L' 

ro ,  •  I's  ,  ,  1 

r  0 

»./*» 

f  *  1 

nr. 

r- 

t 

C/‘J 

r 

cC 

r.D  ' 

-I-* 

•  t- 

:> "( 

;  K 

•4- -I 

.!  :  •.-■(  1 

cf: 

t 

!-»■» 

n- 

r/j 

.-'j  ; 

r-»-l 

t 

"wo 

" _ «•  t 

1 

*0* 

ij-.l  1 

0'5 

1 

L— 

.r*w 

I'l-.i  1 

32 


able  ''(.13  -  ’'TOR.SION"/HAND-CALC .  COMPARISON,  PROBLEM 


wNWWWWW 


"TORSION"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem;  2 

Beam  Selected;  WlAxl59 
End  Conditions;  Pinned-Fixed 


Analyses  taken  at  3  Locations : 

Location  1:  0  inches 
Location  2;  108  inches 
Location  3:  A32  inches 


0  N 


1,4 


>s 


103 
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Table  4.14  -  "TORSION'VHAND-CAIX .  COMRARI.SON,  PROBLEM 


/77/7T/Tr// 


TRQSIQN"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Probl  ein 
Beam  Selected 
End  Conditions 


W12x79 

Pinned-Pinned 


Analyses  taken  at  ^  Locations: 


Location  1 
Location  2 
Location  3 
Location  ^ 


0  inches 
36  inches 
252  inches 
360  inches 
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Table  4.15  -  ''T0RST.0N'7HAND-CALC  .  COMPARISON,  PROBLEM 


"TORSION"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem:  A 

Beam  Selected:  WlAx90 
End  Conditions:  Fixed-Fixed 


Analyses  taken  at  3  Locations : 

Location  1:  0  inches 
Location  2:  2^0  inches 
Location  3:  ^80  inches 
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Table  4.16  -  "TORSION'VHAND-CALC .  COMPARISON,  PROBLEM  4 
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Table  4.17  -  "TORSION'VHAND-CALC .  COMPARISON,  PROBLEM 


"TORSION"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem:  6 

Beam  Selected:  W10x49 
End  Conditions:  Fixed-Free 


fses  taken  at  3  Locations 


Location  1:  0  inches 
Location  2:  96  inches 
Location  3;  192  inches 


torsion'7hand-calc.  comparison,  problem  6 


TORSION"  AND  HANO-CALCULATI ON  RESULTS 
COMPARISON  TABLE 


Problem:  7 
Beam  Selected:  W6xl5 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Locations: 


Location  1:  C  inches 
Location  2:  12.6  inches 
Location  3:  ^2  inches 
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Table  4.19  -  "T0RSI0N'7HAND-CLAC .  COMPARISON,  PROBLEM 


"TORSION"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem:  8 
Beam  Selected:  W8x67 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Locations 


Location  1 
Location  2 
Location  3 


0  inches 
32.4  inches 
108-  i  nches 
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Table  4.20  -  "T0RSI0N'7IIAND-CAIX.  COMPARISON,  PROBLEM 


"TORSION"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABl.F 


Problem:  9 

Beam  Sel ected  :  C10x20 

End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Locations : 

Locati on  1 :  0  i nches 
Location  2:  18  inches 
Location  3:  60  inches 
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Table  4.21a  -  "TORSION'VHAND-CALC ,  COMPARISON,  PROBLEM  9a 


Table.  4. /lb  -  ''TORSION'VHANn-CALC .  COMPARISON,  PROBLEM  9b 


"TORSION"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem:  ID 
Beam  Selected;  C12x30 
End  Conditions:  Fi;<ed-Free 


Analyses  taken  at  3  Locations : 

Location  1:  0  inches 
Location  2:  32. A  inches 
Location  3:  10.8  inches 
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Table  h  .17.  -  ''TORSION'VHABD-CALC  .  COMPARISON,  PROBLKM  10 


"TORSION"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem:  11 
Beam  Selected:  C5x9 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Locations : 

Location  1:  0  inches 
Location  2:  12.6  inches 
Location  3:  42.  inches 
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torsion'Vhand-calc.  comparison,  problem  11 


/////////// 


"TORSION"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem:  12 
Beam  Selected:  MC18xA2 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  [.ocations : 

Location  1:  0  inches 
Location  2:  96  inches 
Location  3:  192. inches 
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Table  4.24a  -  ''T0RSI0N'7HAND-CAIX  .  COMPARISON,  PROBLEM  12,3 
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Table  4.26b  -  "T0RSI0N'7lb\ND-CALC .  COMPARISON,  PROBLEM  12b 


Chapter  Five 

"GTSTRUDL"  STRESS  ANALYSIS 

5 . 1  General 

The  twelve  hand-calculated  test  problems  that  were  determined  through 
use  of  the  Torsional  Analysis  Case  Charts  were  compared  to  the  same  test 
problems  analyzed  with  GTSTRUDL.-  After  the  combined  bendi  ngy^torsi  onal 
stresses  were  determined  for  each  of  the  test  problems,  the  results  v/ere 
compared  to  the  plane  bending  and  shear  stresses  computed  by  GTSTRUDL. 

These  comparisons  showed  how  the  tor  si onal 1 y-i nduced  stresses  can 
either  increase  or  decrease  the  overall  bending  and  shear ' stresses  at 
various  points  in  the  member's  cross-section  and  at  various  locations  along 
the  member ' s  1 ength . 

5 . 2  GTSTRUDL  Program  Input  and  Output  Files 

Input  files  for  each  test  problem  '-'as  established  using  the  standard 
GTSTRUDL  format  of  specified  units,  joint  coordinates,  member  indices, 
constants  and  member  loadings.  In  addition,  the  GTSTRUDL  "Tables"  sub¬ 
program  for  specific  member  properties  were  used. 

Stiffness  analyses  o...  ,•  ■'"c  i  ...cd ,  and  stress  c'','‘;puts  were  listed  for 
each  specified  location  along  the  member's  length  and  at  specified  '<ey 
points  of  the  member's  cross-section. 

Joint  release  requirements  for  GTSTRUDL  dictated  that  the  torsional 
pinned  end  condition  could  be  attained  through  release  of  the  y-axis  and 
z-axi s  moments.  Release  of  the  x-axis  moment  would  create  an  unstable 
member,  and  was  similar  to  the  pinned  boundary  requirements  for  both  the 
Torsional  Analysis  Case  Charts  and  the  "TORSION"  program.  Currently, 
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GTSTRUDL  stiffness  analysis  does  not  include  torsional  and  warping 
stresses,  and  therefore,  only  plane  bending  stresses  are  listed  in  the 
program  output. 

The  GTSTRUDL  Input/Output  file  printouts  for  each  test  problem  are 
shown  in  Appendix  D. 

5 . 3  Comparison  of  GTSTRUDL  and  Hand-Calculated  Stress  Results 

Tables  5.1  through  5.12  illustrate  the  comparison  of  overaill  member 

I 

cross-sectional  stress  derived  by  GTSRUDL  and  hand-calculations. 

The  basic  comparison  between  the  GTSTRUDL  stress  determination  and  the 
hand-calculated  stresses  is  the  difference  caused  by  the  torsional  and 
warping  stresses.  The  combined  bending  and  torsional  stresses  are  biased  on 
the  plane  bending  loads  and  the  torsional  bending  loads.  If  the  plane 
bending  loads  are  small,  then  their  percentage  of  the  overall  combined 

stress  will  also  be  small.  In  comparison  to  the  GTSTRUDL  stress 

calculations  (which  were  based  on  plane  bending  loads),  the  percent 

differences  can  seem  large.  However,  this  is  due  to  the  magnitudes  of  the 

plane  bending  loads  and  torsional  loads  chosen  for  each  test  problem, 
making  the  percent  differences  based  upon  the  relative  amounts  of  plane 
bending  and  torsional  stresses  in  each  test  problem. 
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"STRUDL"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem:  1 

Beam  Selected;  WlAxlOO 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Locations  : 

Location  1:  0  inches 
Location  2:  210  inches 
Location  3:  300  inches 
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Table  5.1  -  STRUDL/HAND-CALC .  COMPARISON,  PROBLEM  1 
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"STRUDL"  AND  HAND-CALCULATION  RESULTS 
CQMPARISOK  TABLE 


Problem:  2 

Beam  Selected:  W14xl59 
End  Conditions:  Pinned-Fixed 


!s  taken  at  3  Locations: 


Locati on  1 :  0  i nches 
Location  2:  1G8  inches 
Location  3:  ^i32  i  nches 
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STRUDL/IL\ND-( 


COMPARISON,  PROBLEM  2 
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"STRUDL"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem:  3 

Beam  Selected:  H12x79 
End  Conditionc:  Pinned-Pinned 


Analyce;  taken  at  4  Locations : 

Location  1:  0  inches 
Location  2:  36  inches 
Location  3:  252  inches 
Location  m:  360  inches 
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;  0 

Total 

-6.297 

Bending  (ri, ) 

:  0 

B  e  n  d  i  r,  g 

( Ti.- ; 

0 

r.  A.- 
'j  ^ 

36  in. 

Torsi cnal 

(TO 

3.70 

W  a  r  p  i  n  g 

/7^  ^ 

^  1  : 

i 

, 

Total 

:  0 

Total 

^  .  311 

Bending  (To) 

:  0 

Bending 

(A  i 

Torsional 

\  U  1  ; 

2.37 

Total 

:  0 

Total 

2.37 

0 

Bonding  {c'h) 

;  C 

Bcndi ng 

!  r".  \ 

V  h  1 

0 

J  /• 

Torsi cnal 

1 

-4.271 

Total 

:  0 

Total 

-4.271 

Sending  CCu) 

Bending 

1 1 1-  j 

P 

J  /• 

25  2  in. 

Torsional 

(TO 

*  “»  r> 

“  1  .  /  'J 

Warpi ng 

(A,..) 

-.205 

Total 

:  0 

Total 

-1.965 

J 

Bending  ( ~b ; 

;  C 

Cendi nc 

r 

r  ly 

Torsional 

f  r., ) 

T  c  b  a  ’’i 

.  n 

Total 

"*  J-  »  -  ‘1 

0 

Bending  (OT.  1 

:  0 

Bcndi ng 

(C'-  ) 

0 

r- 

Torsional 

(ci-O 

Q 

T  0 1  a  ; 

:  0 

Tot  a  1 

o 

’ 

3  n  n  d  1  Ti  c  '■ 

.  n 

.  ’J 

Eendi ng 

1  “  / 

.p 

P  •' 

-  *■> 

360  in. 

Torsional 

( ' ' '  i 

-  7  P 

^  .  i.-j 

W  a  r  p  i  n  g 

-  .09  2 

Total 

;  0 

T  0  t 

-  7  ^  7  7  ? 

3  P  p,  b  T  p.  (  "T', 

B  e  n  d  i  n  g 

.  / 

- 

0 1 

T  c  r  s  i  c  n  a  1 

■  'ft-  ' 

-2.1  C 

Tot  a  1 

:  0 

Tot  a  : 

-  2  .  1 " 

Tab 

If  5.3  -  STRU 

^  1  y  r~>  r' c  r"' 

T>  I.' ' T 

A  4 


////////// 


STRUDL"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem:  A . 

Beam  Selected:  Wl^x90 
End  Conditions:  Fixed-Fixed 


Analyses  taken  at  3  Locations  : 

Location  1 :  0  inches 
Location  2:  Z'lO  inches 
Location  3 :  480  inches 


65 


WWxXWx'" 


Location 

Pt. 

"STRUDL"  Resu 

1  ts 

"Hand-Calc"  Results 

1  0'  f  f 

W14x90 

0 

Bendi  ng  (c^  )  : 

-6.713287 

Bending  (oT ) 

-6.7133 

0 

Torsional  (o'v/) 

13.99 

Total : 

-6.713237 

Total 

12.2757 

'•  5  .  3 1 

1 

Bending  (Ti., ): 

.530364 

Bending  (Ti.) 

.5  701 

0  in. 

T  0  r  s  i  0  n  a  1  ( T-  ) 

0 

Warping  (r-.-,.;) 

1 

Total  ; 

.530364 

Total 

1 .6401 

G  •’ .  6  /o 

Bending  ( u  )  : 

-2.111372 

Bending  (To; 

-2.1375 

.  f/ 

:  .  ^  A- 

Torsional  {Tn  ) 

0 

Total  ; 

-2.111372 

Total 

-2.1376 

-  ^  ^ 

0 

Bending  ( o'lv )  : 

3.355643 

Bending  {Cju) 

3.3550 

'  ^  Z 

Torsional  {C  -'] 

-11.30 

Total  : 

3.356643 

Tota^ 

-7.9434 

%  •  J  /  .  /  z 

1 

Bendi  ng  {Z^,]: 

0 

Bending  (T;.  ) 

0 

r.  c< 

240  in. 

Torsional  { T-.  ) 

r\ 

J 

Warping  (u-'.] 

0 

*  t_  0 

Total  : 

O 

Total 

.23 

0 

Bendi  ng  ('Ci,  j  ; 

0 

Bend',  ng  (TT.  ; 

c% 

Torsional  ( u-  ) 

0 

Total  ; 

r. 

T  c  t  a  ; 

0 

Bending  ( cT  )  . 

-6.713237 

Bending  (oT  ) 

-5.7133 

r 

■J  h 

T  c  r  s  '1  0  n  a  1  ( c'-v  ] 

'  -  '^0 

Total  : 

-6.713287 

Total 

12.2767 

‘•5.3  > 

Bending  {C>.): 

.500354 

Bending  (Tsl 

.5  70  1 

.  C'  /*> 

480  in. 

Torsi onal  (  Tt  j 

r\ 

Warping  (Z.-.-c) 

Total  : 

.500354 

Tote. : 

-  /  0  Q  Q 

1 3 . 9  « 

3 

Bending  [Z-,.)- 

2.111372 

Bending  [Z^,  ] 

2.1376 

1  .  /O 

Torsional  [Z-:] 

rj 

Total  ; 

2.111372 

Total 

2.1375 

Tabic  5.4 


STRUDL/KAND-CALC .  COMPARISON , 


•'ROI 


STRUDL"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem 
Beam  Selected 
End  Conditions 


5 

W6xl5 

Fi xed-Free 


Anal yses  -tal 

:en 

at  3 

Locations 

Location 

. 

G 

inches 

Location 

2  ; 

18 

inches 

Location 

3: 

60 

inches 

i 


67 


L  0  c  ati on  P  t 


STRUOL"  Results 


X  Di  f 


" H  a  n  d - C  a  I c "  Results 


W8xl5 

0 

Bending  ((5,,  )  : 

-12.71135 

Bending  ( Ci,  ■ 

«  /n  ’  o 

“  1  il  .  /  i  4 

o  */ 

u 

Torsional  { dv.-  i 

62.7^9 

Total  : 

-12.71136 

Total 

50.037 

7^.  .67. 

1 

Bending  (lJ  : 

Bending  (Ti>; 

.  78  7 

0  07 

•  H 

0  in. 

To  r  s  i  0  n  a  1  ( 'C>..  ] 

r\ 

J 

Warping  ^U;^) 

.  5  r  3 

Total 

.314A448 

Total 

r* 

I'  .  4  .3 

' 84 .77 

Bending  ( r,, }  : 

2.816950 

B  e  n  d  i  n  c  !  T;.  1 

^ 

c.  .  'J  0  4 

O  t-/ 

4  .  4  y 

Torsional  ( T*-  ) 

n 

Total  : 

2.316950 

Total 

0  0  0  0 
i-  •  V 

o  *•.  »v 
4.4;# 

0 

Bending  (Os): 

-6.228563 

Bending  ( c't> ' 

-6.229 

'  07 

Torsional  (C'/l 

-  ",  0  0  0 
i  4  .  ‘J 

Total  : 

-6.223563 

Total 

-  *  0  n 0 

67.37 

1 

Bending  (Ta  1  • 

.5701113 

Bending  (Tl-) 

•  'j’jI 

0  /  #/ 
4  •  ‘1  /  «» 

18  in. 

Torsional  [Zt] 

5.948 

Warping  (‘Cv/;' 

•i  .039 

Total  : 

.5701113 

T  0  u  u  1 

11.538 

?  5  .  1  4 

3 

Bending  [Zh]  '■ 

1.971855 

Bending  (~i.  ) 

^  r,  *  A 

4  .  V  1  0 

2 . 

Torsional  ('■.  ) 

5.404 

Total  ; 

1.971365 

Total 

7.^22 

7  “  ^ 

=  r:  =  --  =  =  -  =  =  =  =  -  =  =  =  =  =  =  r 

0 

Bending  ( Co )  : 

0 

Bending  {Ch  ] 

C 

07 

Torsional  ( c'w ) 

Q 

Total  : 

0 

Tot  a  ; 

V 

c 

Bendi  ng  [Zi,  )  : 

0 

Bending  {Z>-  ) 

rv 

J 

60  in. 

Torsional  {TTi) 

2.775 

Warping  [Z-,,'.] 

-.182 

Total  : 

•J 

T  0 1  a ' 

'n  r»  -> 

iL  .  'J'J  / 

3 

Bending  [  T,.  )  : 

0 

B  e  n  d  i  n  g  ( 'G,  ) 

0 

- « 

Torsional  ( TG  ] 

Z  .  '  2 

Total  ; 

0 

Total 

2.152 

-- 

Table 

5.5  -  STRUDL/’ 
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COMPARISON ,  PROBLEM 
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STRUDL"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem:  6 

Beam  Selected:  W10x49 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Locations : 

Location  1:  0  inches 
Location  2:  96  inches 
Location  3:  192i nches 


1 


69 


Location  Pt.  "STRUDL"  Resu1 ts 


"Hand-Calc"  Resultn 


W10x49  0 

B  e  n  d  i  n  ci  ( (Ti,  )  : 

10.5d9^5 

Bending 

(09.  ) 

10.549 

7  04 

T  0  r  a  i  0  n  a  1 

(Ow) 

12.752 

Total  : 

I0.5^9d5 

T 

1 

otal 

O':  Of'*! 

5  •• .  7  % 

Bending  (Ti, ); 

-.17  2930''i 

Bending 

■-  ''i  J 

-  .  1 7  1 

1  .  1  /o 

0  in. 

Torsional 

( 7"“  ) 

0 

, 

Warpi nq 

(  ICv.:) 

1.060 

, 

Total  ; 

-  .  17293G-1 

T 

ctal 

..339 

30.6“. 

3 

Bendi  na  ("f;.)  : 

-.6393947 

Bending 

(Ti-,  ;■ 

-.553 

2 .  i- 7^ 

Torsional 

(IT.) 

n 

w 

Total  ; 

-.6398947 

ota’ 

-.653 

2.0% 

0 

B  e  n  d  i  n  a  ( Cl, )  : 

7.032963 

Bending 

(OT) 

7  7  7  7’’. 

;  .  ij  w' 

1 

Torsional 

(Ov'  j 

-  7  /  C 

Total  : 

7.032968 

T 

otal 

''i  .  3  ^ 

4  .  ^  .  J  % 

1 

Bending  ( Ti.  )  : 

-.2921956 

Bendi ng 

;'r. 

\  ^  / 

-.341 

1  r  0*4 

96  in. 

Torsi cnal 

1.515 

Warpi ng 

-  .105 

Total  : 

-.2921956 

( 

otal 

1.072 

/n  7  f' 

!  L  >  t  i*> 

3 

Bending  (T:. )  : 

-.6393947 

Bendi ng 

/  7".,  ^ 

-.653 

A  r  #>.• 

4_  •  /* 

Torsional 

(Tc) 

.922 

Total  : 

-.6393947 

1 

ctal 

.  25? 

r.  r  ,7  y 

J  U  1  w. 

0 

Bending  ( Ci. )  : 

0 

Bending 

(Oi, ) 

0 

ox 

Torsi onal 

G 

Total  : 

g 

otal 

C 

r< 

.1 

Bending  ( ~ : 

-.345  8  b  0  3 

5  ending 

■  Ti.  i 

-  n  ^ 

192  in. 

Torsi onal 

'  v  '; 

7  *7  ' 

Warping 

\ 

—  7  7  7 

Total  : 

-.3458608 

7 

r*  rt  7 

*’  'n  IT 

.  f_  .-0 

”3 

B  e  n  d  i  n  c  1  ■  1  : 

-1.279789 

3  0  ^  d '  n  c 

'  'C.  ; 

•  7  41 

iV 

"'or  SI  oral 

f  7*7.  'i 

.  *  r  'J 

Total  ; 

-1.279739 

T 

0  t.  u  ' 

-  .  p.  iC  5 

-•  '•n  f/ 

w'  7  .  'J  /• 

-  STRUDL/ HAND-CALC.  COMPARISON, 
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Table  5  . 6 


6 


STRUDL"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem 
Beam  Selected 
End  Conditions 


7 

l-.'6xl5 

Fixed -Free 


Analvses  taken  at  3  Locations: 


Location  1 
Location  2 
Location  3 


0  inches 
12.6  inches 
A2  inches 


\) 

Si 


kji  ■.ip./  . . 
-rb  N-ii'-' 


12.G 


71 


Location 

Pt. 

"STRUDL"  Resul 

tc 

"  H  a  n  d  -  C  a  1  c "  R  e  c  i. 

l'\  t  z 

%  n  1  f 

W6xl5 

0 

Bending  {6b  )  : 

0 

Bending  (  r?  i, ) 

0 

n  (•/ 

Torsional  ( ct-- 

52.272 

Total  : 

0 

1  0  'C  3  . 

52.272 

1 

Bending  {Th  )  ■ 

0 

Bending  ( Tt.  ) 

<J 

0% 

0  in. 

Torsional  {'6.  ] 

O 

J 

'.■1  a  r  p  i  n  g  ( rwo ) 

f,  ^  p  ^  Q 

Total  : 

0 

Total 

6 . 8iC 

-- 

Bending  (Tb ) : 

0 

Bending  ( "c ; 

G 

r\  f 
\J  h 

Torsional  {6z  ) 

r. 

Total  : 

0 

Tots': 

n 

OT 

C 

Bending  ( o'o  )  : 

0 

Bending  (oT) 

r 

1 

L’ 

Torsional  (r!--.'; 

- 

/  An* 

‘i  «  U  4  * 

Total  : 

0 

Total 

- 

■1 .  C  2 1 

. 

1 

Bending  ( 7i> )  : 

0 

Bending  {Zh  ] 

n 

ij 

12.6  in. 

Tor  si  on  a  1  (Ti  ) 

‘1 

.160 

Warping  ('T-.s) 

5 

.605 

Total  : 

0 

Total 

1 

0.755 

-- 

3  Bending  ( T;, )  i 

0 

Bending  (~i, ) 

A 

Ij 

OS 

Torsional  ( Tl ' 

*5 

530 

Total  : 

0 

1'  0 1  a ' 

3. 

550 

0  B e n d ■'1  n g  {Zb)  : 

0 

Bending  ( a-,-  ) 

n 

a 

Torsicnal 

c 

Total  : 

0 

Total 

r. 

A  <V 

i  Bending  (  T;. '  : 

n 

ij 

3  e  n  d  i  n  c  {  7.  ; 

r, 

;s 

42  in. 

Torsional  ( Utl 

A 

■j  • 

•  A  A 

^  4 

waroir.  s  (T.-.  -:  , 

A  n  ^ 

Total  : 

n 

T  t  c  "i 

3  • 

C;  *  r 

3  Bending  (7.1: 

ni 

G  G  n  c  ■;  r:  p*  ( 'T.  ; 

r, 

- 

1”  f  •«  r*  r*  -)  T  T".  1 

.  v-  •  j  1  -v  .  I  cl  1  ... 

? 

-  A 

'ota 1 : 

rt 

T  0 1  a ' 

L  . 

-  4  " 

II 

II 

II 

II 

li 

It 

II 

II 

II 

11 

H 

II 

II 

II 

II 

It 

II 

11 

II 

II 

11 

-  =  rr  zr  =  r-  ro  —  r: 

- =  r:  =  r:  -  - r 

-  -  r= 

-  -  rs  r  -.n  -  t:  •. 

•--  - . - 

Tabic  5.7  -  STRUDL/ 11 
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STRUDL"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem;  8 
Beam  Selected:  W3x67 
End  Conditio nc:  Fixed-Free 


Anaivcec  taken  at  3  Location: ; 

Location  1:  0  inches 
Location  2:  32. A  inches 
Location  3:  108  inches 


^1^ 

N 


I-*- 


-» 


->8> 


:  0 


Location 


Pt 


"STP\UDL"  Result: 


"  H  a  n  d  -  C  a  1  c " 


- ; 

:  _  - 

- - 

W8x67  0 

Bending  (C;, ): 

0 

Bending  ( c"»  ; 

Q 

A  ■>/ 

Torsional  ( c'.. ' 

n  Q 

Tcta’i  : 

0 

i  0 1  cl 

_  A  A  *1’ 

1 

Bending  (a.  )  : 

Bending  ( ‘T:  ] 

g 

*  'v 

0  in. 

Torsional  ' T;  ; 

1 

Warping  (u.‘.; 

Total  : 

A 

■J 

Total 

-.130 

:5 

Bending  (Z-,,}' 

A 

L- 

Sending  {'Ci.  } 

A. 

A  f-- 

Torsional 

Tp 

Total  : 

A 

V 

.  0  *c  a  ; 

c 

A  p*' 

0 

Bending  (oT.  1: 

A 

Sending  '  c'l  1 

A 

1 

A 

Torsional  1  d  ' 

^  AAA 

Total  : 

r. 

'‘ota ' 

“  .  S  ?  9 

%  • 

" 

1 

1 

Bend'  ng  ("L.  )  ; 

A 

J 

Bending  (Z;,  ] 

r, 

0 

32.^  in. 

Torsional  (Lr; 

”  .  -  ‘O  0 

Warping,  (u.-P, 

-  .  1 5  5 

Total  : 

A 

"oca ' 

-  1  .  5  C  5 

A 

J 

Bending  ( Ti, )  : 

n 

V 

Bendi  ng  {'Z,  ) 

Torsional  ( r-  ; 

A  A  r- 
“*  .  0  / 

Total  : 

0 

T  0 1  a  1 

-  ,376 

0 

Bonding  (d- ) : 

r. 

'J 

B  c  P.  d  i  n  c  ( c  V-  ' 

A, 

V 

A  o/ 

Torsional  ( o'--- ; 

A 

Total  : 

n 

Total 

A  »V 

Bending  ( Tp,  1  : 

r. 

Bending  {Z.-  ] 

c 

0  "1 

108  in. 

Torsional  [Z--  ] 

-.o5G 

Warping  (a-.:) 

.  IC'l 

Total  ; 

0 

T  0 1  a  1 

-  7  p  ? 

0 

Bending  ('C;,  1: 

n 

Bending  [  \Z  ' 

i  'v 

Torsi  oral  llA  ; 

“  .  0  (1 

Total  : 

0 

T  0 1  a  ; 

_  r  ' 

-- 

Table  5.3  -  STRUDL/ HAND-CALC .  COMPARISON. 


STRl'DL"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem;  9 

Beam  Selected:  ClQx20 
End  Conditions:  Fixed-Free 


.ocati ons 


Locati on  1 :  0  i nches 
Location  2;  18  inches 
Location  3:  60  inches 


Locati on 
ClOxZO 


0  in. 


13  in. 


60  in. 


P.tr  "STRUDL"  Results  "Hand-Calc''  Results  IDif f 


0 

Bending  (ol): 

-9.493291 

Bending 

(CTb) 

-9.494 

OX 

•Tor  si  on  a  1 

{dw) 

63.157 

Total  : 

-9.493291 

Total 

53.663 

52. 3X 

1 

Bending  (d>- )  : 

-9.493291 

Bending 

( 01. ) 

-9.494 

OX 

Torsi onal 

(Cd) 

30.276 

Total  : 

-9.493291 

1 

ctal 

20.732 

5  4  .  3  X 

2 

Bending  (T:/): 

.7725742 

Bondi ng 

(u ) 

.733 

5.iX 

Torsional 

( 'C‘-  ] 

0 

'.-.'arpi  ng 

3.502 

Total  : 

.  7725742 

' 

otal 

4.235 

SI .  7X 

■*» 

Bending  (T^ ) : 

1.613310 

Bendi ng 

(Tb  ) 

1.634  • 

1.3X 

Torsi onal 

(T--  ) 

n 

u 

1 

l-larpi  ng 

2.006 

Total  : 

1.513310 

'otal 

3.640 

5  5  .  7  X 

0 

3  e  n  d  i  n.  g  ( )  : 

-4.651712 

Bendi n  g 

(Cb ) 

-b  .  652 

OX 

Tor : i onal 

-12.995 

Total  : 

-4.651712 

' 

'otal 

-17.6^7 

1 

7  3. 6X 

1 

Bending  (0^ ) : 

-4.651712 

Bonding 

(Cb ) 

-4.652 

OX 

Torsional 

[C:] 

-6.229  ‘ 

Total  ; 

-4.651712 

Total 

-10.331 

3  7.2X 

2 

Sending  (lli,): 

.5403019 

Bondi ng 

(rb) 

.513 

5. IX 

Torsional 

(ro 

3.658 

Warpi ng 

2.601 

Total  : 

.5408019 

Total 

11.772 

95. 4X 

Bending  (1';.): 

1.129317 

Bendi ng 

(Tb  ) 

1.14  4 

1.3X 

Torsional 

irt  1 

7.526 

Warpi ng 

(  twS  ) 

1.490 

Total  : 

1.129317 

Total 

10.150 

33. 9X 

0 

Bendi ng  (db ] : 

u 

Bendi ng 

(cro 

0 

OX 

Torsional 

(dv.) 

0 

Total  ; 

0 

'otal 

0 

OX 

X 

Bending  (d-.. ): 

Q 

Bending 

(  db  ) 

0 

OX 

Torsi onal 

(dv/1 

0 

Total  ; 

0 

1 

'otal 

0 

OX 

2 

Bending  ( I;, )  ; 

0 

Bendi ng 

(u,) 

0 

OX 

Torsi onal 

(r-.) 

3.105 

Warpi ng 

.  255 

Total  ; 

0 

otal 

3.360 

Cl 

Bending  (Iv.j  : 

0 

Bendi ng 

(r,.) 

Q 

ox 

Torsional 

(TO 

2.699 

Warpi ng 

(Tw.) 

.146 

Total  : 

0 

Total 

2.345 

-- 

-  =  =  =  :; 

=:  =  =?  =  ?• 

t:=:„:^  =  =  =  :T  =  r:‘n 

n  r:  r  r:  =  r: 
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PROBLEM  9 


COMPARISON  TABLE 


Problem:  10 

Beam  Selected:  C12x30 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Location 

Location  1:  0  inches 
Location  2:  32. A  inches 
Location  3:  108  inches 


Location  "STRUDL”  Results  "Hand-Calc"  Results  1.  Oiff 


ssassataassssssasanseasassannaas 

saaaaaaaaaaaa 

■  sstfBaxsasaaaBaaaaaaaaaaaaaaaaaas 

13  n  B  a 

C12x30  0 

Bending  (Oi.) 

0 

Bending  (cTi,) 

0 

0% 

Torsional  (ci,.,) 

-15.411 

Total 

0 

Total 

-15.411 

-- 

1 

Bending 

0 

Bending  (o'u) 

0 

07. 

Torsional  (o'-./) 

-6.612 

Total  : 

0 

Total 

-6.612 

2 

Bending  (7J: 

n 

Bending  (T(, ) 

0 

or. 

0  in. 

Torsional  ( Tr  ) 

0 

Warping  ( T.,;) 

-.344 

Total  : 

C 

Total 

-  .  344 

-  - 

3 

Bending  ( T!, )  : 

0 

Bending  (Tb! 

0 

or 

Torsi  onal  ( Tt  ) 

0 

^  1 

Warping  {T„s) 

-.169 

Total  ; 

0 

Total 

-.159 

0 

Bending  ( O'h )  : 

n 

Bending  (cTb) 

0 

or. 

Torsional  (dw) 

-4.554 

Total  : 

0 

Total 

-4.5  54 

1 

Gcndi  ng  (o'l.  )  : 

0 

-Bending  (o'b) 

0 

or. 

Torsional  (d:.-) 

-1.954  .  . 

Total  : 

0 

Total 

-1.954 

2 

Bending  {Tt, )  : 

0 

Bending  (Ti.  ) 

0 

0% 

32.^  in. 

Torsi  onal  {‘ft  ) 

-5.053 

Warping  (T^j) 

-.335 

Total  ; 

0 

Total 

-5.443 

-  - 

Bending  i'Ch)  '■ 

0 

Bending  (‘fi,  ) 

0 

or. 

Torsional  (r-.  ) 

-5.149 

Warping  [’C^.] 

-.189 

Total  : 

0 

Total 

-5.338 

0 

Bendi  ng  (cl'J  : 

0 

Bending  (Ob) 

’o 

or. 

Torsional  (Ow) 

0 

Total  ; 

0 

Total 

0 

or 

1 

Bending  (cdi. )  : 

0 

Bending  (cJi.) 

0 

or. 

Torsional  (d-./) 

0 

Total  : 

0 

Total 

0 

or 

2 

Bending  ('cb): 

c 

Bending  (Ti.  ) 

0 

or 

108  in. 

Torsi onal  (T;  ) 

-2.344 

Warping  [Z,,r) 

.248 

Total  : 

0 

Total 

-2.096 

3 

Bending  ('C,, )  : 

0 

Bending  (r,, ) 

0 

or 

Torsional  ( Tt  ) 

-2.386 

Warping  (H/!) 

.122 

Total  : 

r\ 

J 

Total 

-2.264 

-- 

Tabic  5.10  -  STRUDL/ HAND-CALC.  COMPARISON,  PROBLEM  10 
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STRUDL"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem 
Beam  Selected 
End  Conditions 


i  i 

C5x9 

Fixed-Free 


Anal yses  taken  at  3  Locations: 


Location  1 
Location  2 
Location  3 


0  inches 
12. .6  inches 
i nches 


£ 

I  ) 


-V- ! 


Cs.'ifieclior. 
E I  [  j  i  j  fi !  ;•  r  C !  5 1 '  r  i 
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on  “STRUDL"  Results  ''Hand-Calc”  ResuUs  1  Diff 


II 

fl 

II 

II 

li 

It 

II 

11 

II 

ti 

II 

II 

11 

11 

il 

11 

II 

11 

C5x9  0 

Bending  (o'h)' 

0 

Bending 

(O'..  ) 

:  0 

OX 

Torsional 

(  C-w  ) 

:  226.708 

Total  ; 

C 

To  ta  1 

:  226.708 

-- 

1 

Bending  ( OL ) : 

0 

Bending 

(  O'l.  ) 

0 

OX 

Torsional 

(Ow) 

118.059 

Total  : 

0 

Total 

113.059 

2 

Bending  (  Ti. )  : 

0 

Bendi ng 

(Tb) 

0 

ox 

0  in. 

Torsi onal 

(Ot  ) 

0 

'.•larpi  ng 

i'C-A 

1  ‘1 .  9  7 1 

Total  : 

A 

U 

Total 

1-1.971 

0 

u 

Bending  (Ti.  )  : 

0 

Bendi ng 

(ul 

1 

0 

ox 

Torsional 

(H  ) 

0  ' 

'.•J  a  r  p  i  n  g 

( TT:..; 

-7  .  370 

Total  : 

0 

Total 

-7.370 

0 

Bending  (db] : 

0 

Bendi ng 

(Ob) 

0 

ox 

Torsional 

(0./; 

-87.686 

Total  : 

G 

Total 

-37.686 

1 

U  <-  *  i  U  1  .  *  vj  V  ^  * 

0 

Bendi ng 

( 0\ ) 

0 

ox 

Torsional 

{C»] 

-15.663 

!  0  C  2,  i  - 

0 

Total 

-15.663 

-- 

2 

Bend:ng 

A 

■J 

Bending 

(Tb  ) 

0 

■ox 

12.6  in. 

Torsional 

(TO 

35.231 

■A  a  r  p  i  n  g 

( 

10.337 

Total  : 

0 

Total 

15.560 

-- 

3 

3  e  n  ding  ( 'Ch )  : 

A 

'J 

Bending 

(r.) 

0 

ox 

Torsional 

(T-.  ) 

35.781 

Warpi ng 

CM 

-5.169 

Total  ; 

c 

Total 

_  30.612 

0 

Bending  [C>,]' 

G 

Bendi ng 

(cr..) 

0 

ox 

!  c  r  c  t  0  n  5  1 

( d-.v) 

r' 

Total  : 

0 

Total 

n 

ox 

1 

Bending  i  CJi, )  : 

0 

Bendi ng 

ioVi 

0 

ox 

Torsional 

(Clw) 

0 

Total  : 

r. 

Total 

n 

ox 

2 

Bending  ['Ci)  '■ 

0 

Bendi ng 

(Tb) 

0 

ox 

M  in. 

Torsional 

(ro 

2.318 

Warpi ng 

(  T":} 

-.299 

Total  : 

0 

Total  ; 

2.019 

Bending  {Ti->); 

0 

Bondi ng 

(-a) : 

0 

ox 

Torsional 

(u): 

2.381 

Warpi ng 

(TwO  : 

.117 

Total  : 

0 

Total 

2.531 

-- 

n 

11 

II 

II 

It 

It 

II 

II 

It 

It 

II 

II 

II 

-irss 
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"STRUDL"  AND  HAND-CALCULATION  RESULTS 
COMPARISON  TABLE 


Problem:  12 
Beam  Selected:  MC18x42 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Locations  ; 

Location  1:  0  inches 
Location  2:  96  inches 
Locati on  3 :  192  i  nches 


2^' 


I 


Location 

Pt. 

"STRUDL"  Res 

u1  ts 

"Hand-Calc 

"  Results 

2  Diff 

0 

Rending  ( rT--. ) 

•  9.B5066 

R  p d  i  n  n 

fn-  ' 

P  .  35  1 

ny 

Torsional 

(cfj 

29.705 

Total 

;  9.35065 

Total 

39.0563 

7  6.1% 

1 

Bending  (o’t, ) 

:  9.35065 

Bendi ng 

idj 

9.351 

02 

Torsi onal 

(dw) 

14.042 

■  ■ 

Total 

:  9.35065 

Total 

23.393 

60.02 

2 

Bending  [~Cb] 

-.1168265 

Bendi ng 

(u ) 

-.1138 

2.62 

0  in. 

Torsi onal 

(r, ) 

0 

War pi ng 

(r.„.) 

1.061 

Total 

:  -.1168265 

Total 

.9472 

37.72 

0 

u 

Bending  (Tu) 

:  .298^913 

Bendi ng 

(rj 

.3041  ' 

1.82 

Torsi onal 

0 

1 

v.'arpi  ng 

.7  33 

Total 

:  .2984913 

Total 

1.0421 

71.42 

0 

Bending  [Co  ] 

:  6.233757 

Bending 

6.234 

02 

Torsi onal 

( d,,  i 

-2.233 

Total 

:  6.273767 

Total 

2.996, 

,  35.92 

: 

Bending  (Oo) 

:  6.233767 

3ondi ng 

(dj 

6.234 

02 

Torsional 

(d.,) 

-1,058  ‘ 

Total 

:  6.233757 

Total 

5.176 

16.92 

2 

;  -.1168265 

Bendi ng 

(r.; 

-.1138 

2.52 

96  in. 

Torsional 

(  c't  1 

4.768 

Warpi ng 

V  ^  / 

-.145 

T  0 1  a  1 

;  -.1158255 

Iota  1 

4.5092 

97.42 

*1 

^  r»  m  *5  /*»  '  T",  ' 

‘  ■  'J  •  -  O  ; 

:  .2934913 

Bendi ng 

V  C  L  1 

.  3041 

1.82 

Torsional 

(d, ) 

3.433 

War pi ng 

(Tw-J 

-.301 

Total 

:  .2934913 

Total 

3.5361 

91.32 

_  ^  ^ 

0 

Bending  [Ch] 

. 

.  U 

Bendi ng 

(dej 

0 

02 

Torsional 

(ddJ 

0 

, 

Total 

:  0 

Total 

0 

02 

1 

Bending  ( Ci, ) 

:  0 

Bending 

(dn) 

0 

02 

Torsi onal 

(0.) 

0 

Total 

:  0 

Total 

0 

02 

2 

Bending  (T,J 

:  -.2336530 

Bendi ng 

iZ.) 

-.2276 

2.62 

192  in. 

Torsi onal 

Ut) 

3.945 

Warpi ng 

(r..) 

.011 

Total 

;  -.2335530 

'ota  1 

3.7284 

93.72 

3 

Bending  ['C-^] 

;  .5969825 

Bending 

(To) 

,  6081 

1.82 

Torsional 

(Tt) 

2.841 

Warpi ng 

(r.,0 

.008 

Total 

;  .5969825 

Total 

3,4571 

32.72 

=  =  =  =  =  =  =?; -*  = 

s:  s  = 
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Chapter  Six 


CONCLUSIONS 


An  automated  procedure  for  analyzing  plane  bending,  torcional  and 
warping  stresses  can  be  validated  through  hand-calculated  problems  that  are 
based  on  a  proven  and  acceptable  analysis  method.  The  Tors-'.onal  Analysis 
Case  Charts  developed  by  the  Bethlehem  Steel  corporation  are  an  a,cceptabie 
analysis  method,  and  can  therefore  be  used  to  verify  the  stress  analysis 
"TORSION"  program. 

The  comparison  tables  between  the  "TORSION"  stress  output  and  the 
hand-calculated  results  indicates  that  the  percent  differences  '  in  the 
torsional  and  warping  stresses  calculated  by  the  two  analysis  methods  are 
slight,  and  that  the  "TORSION"  program  reasonably  calculates  the  versous 
torsional  and  warping  stresses  in  open  steel  members. 

However,  some  significant  errors  were  identified  in  "TORSION'S" 
analysis  of  plane  bending  stresses.  In  four  test  problems  involv’ng 
members  with  "fixed-free"  boundary  conditions,  the  program  calculated  p’ane 
bending  stresses  that  increased  along  the  member's  length  from  the  support 
to  the  free  end.  These  discrepancies  could  be  a  result  of  the  FORTRAN  re¬ 
compilation  for  the  program,  and  warrant  further  roviev;  and  validation  o"" 
"TORSION'S"  plane  bending  stress  analysis  sub-routines. 

Other  differences  in  the  stress  results  are  attnbu'tec  to  '.'ariations 
in  the  two  analysis  methods.  In  the  hand-calculations,  the  plane  bending 
stresses  were  calculated  at  points  on  the  extreme  fiber:  of  the  mente-'s 
cross-section,  whereas  torsional  and  warping  stresses  were  calculated  as 
points  at  the  flange  m i  d - 1 h  i  c k n e s s  of  the  c n c s s - s e c 1 1  o n  .  e n  ore  r '  a n e 
bending  and  torsional  stresses  were  later  combined,  this  o'fset  ■ the 


S3 


points  of  calculation  contributed  to  some  of  the  difference  in  the  overall 
flange  stresses  determined  by  the  two  analysis  methods. 

The  program  "TORSION"  also  assumed  that  all  plane  bending  loads  are 
applied  at  the  shear  center  of  each  member.  Therefore,  the  program  did  not 
calculate  the  additional  torsional  load  on  a  channel's  cross- secti on  sassea 
by  the  eccentricity  between  the  point  of  load  application  on  the  centroid 
and  the  shear  center.  Since  these  eccentrically -induced  torsional  loads 
for  the  channel  sections  were  included  in  the  hand-ca 1 cul ati cni  ,  percenr 
differences  between  the  tv.‘o  analysis  methods  also  resulted. 

Other  errors  that  resulted  in  the  percent  differences  illustrated  in 
the  comparison  tables  must  be  shared  by  errors  in  the  "TORSION"  program  and 
errors  in  the  hand-calculations  due  to  torsional  function  i nterpol ati one 
that  are  inherent  with  using  the  Torsional  Analysis  Case  Charts,  v  • 
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APPENDIX  A 


HAND-CALCULATIONS 


Problem  No. 

Beam  Selected 

End  Conditions 

1 

W14xl09 

Fi xed-Free 

2 

1414x159 

Pi nned-Fi xed 

3 

W12x79 

Pi  nned-Pi nned 

4 

W14x90 

Fi xed-Fi xed 

5 

W8xl5 

Fi xed-Free 

6 

W10x49 

Fi xed-Free 

7 

W6xl5 

F i xed-Free 

8 

W8x67 

F i xed-Free 

9 

C10x20 

Fixed-Free 

10 

C12x30 

Fi xed-Free 

11 

C5x9 

F i xed-f  ree 

12 

MC18X42 

F i xed-Free 

A-I 


HAhiD-CALCULATlONS 

fOR  PROBLEM  1 


BEAM  SELECTED:  WlfxIOS 
Eh/D  CONDITIONS:  FlXED-fR[[ 


SHCAK  S  HoM£A/r  0//IMM3 


-f 


logo 


Toizsion: 


107.5 


Wl^yiol  l)IMfM5I0N5  Sr  PKoP£Rri[5 


A  -- 

32 

I.  - 

12‘fO  h'^ 

Cw  -  20200/-’'' 

Qf  ■ 

H/.2 

d  -- 

1^.32  k 

Iy  = 

Hil 

A  »  S5.9  ir 

(3  w  - 

"tw  = 

.  525  ro 

Sx  = 

n5  io3 

kJhtf  =  HU  io^ 

r  - 

bp- 

)4.^o5io 

Sy  - 

t/.2 

Stv.  - 

&  ' 

l!200  xsi 

if  = 

.  St  m 

J  = 

Pl/lAlf  6ENDW6  stresses 


h.  LON&l'l'ODWM  BlNOIfli  STRESSES 


/4r  somi^r : 

-  -e.o.ffrs, 

1 

At  .IL  CZld")'. 

1 

<^a  ^  0  KS‘ 

AT  fm  S^D  :' 

a  -  0  k'Sf 

MAximn 

5M£/i^  SUPSSES 

Tu.  ■- 

AT  Support  : 

Zw  ^  .73a  fZ 

AT  .7L  [710"): 

Zw  ^  In'^)iS25>'>)  ^  .73a  «> 

/ir  Hwo; 


-  0  >^5! 


C.  MA;<iWH  rUfJ&S'  51-llAg  5«£SSfS 


r£= 

>ir  somr: 

M  .ilCzio"): 

Tf  F  '"’'’/(fZ'fo /»vX-S4;-}  F  ./Ww/ 

» 

fm  f/vo: 

1 

7  p  -  0  i<^5( 

WSIOMAL  STRESSES 


A.  To^siomal  Fu^jcfinN?, 

usr  300/jj.^j.,  j 


Tol^SlONAL 

load  i  ; 

H  = 

So  AT  2^0  '  (. 

■  ni) 

US^  Cas^  9^c(.'.7 

■  Supro^er  : 

(^•[#i] 

=  0 

:.  d) 

-  0 

U 

:.  d' 

'  -  G.SVa;C'^ 

(i'.f^] 

"  0 

.-.  d' 

0 

=  “f.o 

:.  0"" 

^  -ISn,,  )C'5 

■  IL  (210")  \ 

d)  ■  [fei  ] 

"  J.IQ 

■'•  d) 

r  .oa^cs 

/"  •* 

--  ~.12 

(b" 

d>'-{^] 

--  .% 

:.  d)' 

=  .0002!^^ 

0"-  [^  ] 

-  -  S3. 

..  (D 

-  -rsni2k!0'' 

/^r  fm  EMo:  (p  •  i 

[wA 

=  ]S2 

.',  (b  - 

.02177 

■  0"'\ 

■  M  J 

=  0 

,-.  0"  = 

0 

d)'  •  1 

r6J] 

=  .2? 

■•■  0'  -- 

.OOOn5Bb! 

(p"'- 

65^1^1 

L  M  J 

^  .2^6 

.  a'" 

0  ^ 

Z.5V^!U!r^ 

I  TO^SIOI^AL  LOAD 

_2 

:  m  - 

v-if^  1 

■  25 

0''7B  2I0" 

USE 

CASE  10 

;  CC 

-  .7 

1 

/ir 

sumr  \ 

0  ■' 

L  . 

0 

:  ^  = 

0 

^"■1 

■^1 

/V* 

1.7S 

6"-- 

‘f.S5^3.s!D-,‘^ 

Cl’ A 

' 

pn«. 

- 

0 

-  (b'  -- 

O 

<b"'-\ 

6Jdj 

.  J 

-l}\s 

^x 

.71  (fzio"3 : 

(J'l 

■ 

.IVldl 

1  = 

I.2S  . 

.OiU^V 

(t)"- 

f 

1  . 

1- 

'■,25 

0''- 

-7. 3375  2  >i O'" 

d)'- 

■ 

1^0. 

1  = 

.5? 

.'.  0' 

.OOOiOZZW 

<b"'- 

1  rry 

]  = 

.3^ 

.' .  0'"  - 

/.3n5^:0'^ 

Fm  FNo : 

<b  ■] 

-  fHaX, 

1  = 

J.S 

-•.  0  - 

.03H^/?5 

0'’.l 

’^1 

J 

c 

0 

(b”  = 

0 

(S'- 

-^1 
o-»a.  J 

- 

•1 

:.  0’  = 

.Ocooza^'l 

(S"'- 

■&5a1 

-  ^  J 

-  I 

0"  = 

2>.QZsn 

A-6 


3)  summation  of  YQZ  10A\}5  1  AhID  Z 

AT  SuFPo^'^:  (j)  -  0 

0"  r 

0'  =  0 
0"'  =  -1.75 

AXniCW'):  0  ^  .OV2S11 

6"  =  -3>.^i^5C  MD-^ 

0'  .0003^06 

■0'"=  >/o'? 

/ir  Fivo:  0  =  .  1 1^38^5 

(5|'  =  0 

(j'  =  .000202^/55 

d)'"  =  2.7502 


B.  5T/55S5  r/j/.ruL/l'T/PAJS 
l)  Toi^SlONAL  SHEA  IP.  STj^iSSfS 

_  ,  tr--  .%" 

Z^t  -  Gt0  iby:  .  ^2S" 

AX  SuPPOf^X  ;  2"tr  =  (lIZOO  i:si)(.'^Q  '  0 

T<k/  =  0/2<5^  i';/  ^  0  t„ 

AT  .ll[2ii')  :  Tif --  Cum  ia’)[.?(fd(-Ooo^‘io(/i-J  '  S.7aSi:i, 

TiKi  I  CllZod  ’'')(■  ■^X)0  3^Ci^//A>J  ■  Z2‘^X73  ksi 


Af  rieff  EA^O: 

Cll200)^v)(..muX-000202'iS^)  '■  J.I^OH  J^S! 


z)  WAmt^G  NQCMaL  stresses 


(5^WS  -  2  (KJno  d) 


MAvwy/^  /fr  FiANSh  Tips! 

(AJnt  '■  i>)" 


AT  soppoer;  e'c^s  ^  -“  /L2^^liS 

Ar  .ilC2I0''):  T(2miFsiXHlin2)(-ZAi'!S£>}6-0 '-  -^.UA^, 


AX  fm  m 


:  Vus  «  KSiy‘i1Jin'^X  o)  :  0 


5)  WA12PIM0  smAt  smssEs 


Zus  ^  "^^0"' 


yiAxinfJ/^  AP  c^ijTtAS 

5uj=  IS^h'^  ,  if^  .tSi^ 


AT  sumur :  r^i . 

,T.yU?>c-y.  n.  .,au. 

At  rm  mo:  --  (:£.wd  raX/yy/.v; 


HAMD-  CALCULATIONS 
FOR  PTOBLLM  2 


BEAM  SELECTED  :  WIAy/S? 

END  COWDITIONS;  Pimo-nxED 


SHEAl^  &  MOM£Mr  DIA6KAMS 


.25  V-tuhn 


Pb'  (cif2i)  ■■ 

:  iz(2iy(_‘^^z-sc)  ^  25‘f'‘ 

zv 

zc^y 

=  jz(9)(5[z6y-  w)  --  h 

zr 

2Csd^ 

M(aij)  = 

izy}(7l)  ( 9i3i)  --  So.as 

mS/OA/. 


WHxISf  DiM£«5)0WS  i  Pmms 


A  - 

HC.1  )o^ 

L  = 

C<.  r 

35^00  /n^ 

Qp 

’  ^1.3  ;n3 

d  = 

Jin  In 

Iv  = 

:  in  in'f 

a  = 

Cti  In 

G(a) 

:  I'/S  ini 

hf  = 

l3SCS)n 

Sx”  = 

:  2Sn,^ 

h/no  = 

SS.1  )r^ 

F  . 

'■  210 00  b' 

tp  = 

J.l^  /» 

5y  = 

%.l  ln5 

5..  = 

2nh^ 

G  r 

li^OP  I^si 

i  - 

J  = 

Jll  in'* 

I  PiAup  BEmm  smssps' 

A.  LON&ITUDIHAL  S£MD/M6  SMSSPS 

6'«--  ^®^Sx 

AT  5uFP6^1'.  6’a='  Ok5»' 

PoiNf  Load  Cior)'.  VzSHh^  ~  3.221  i^si 

—  T,o'7  5"  / 

AT  fUiD  suFPdf^r :  6‘&=  j2Sh 


6.  M/£B  5H£/l/e  5rKB55£5 


-7,  V<?(A, 

liw 

/ir  SuP/’oKr;  r.*.  =  /(/W;h'0(.7Vb/0  =  -.l^l  y:si 

AT  PAfAjT  IMo  ri08"3:  Tu.  =  ^ 

(v.‘/f>:)(  f'/S  i'1- 


/AT  FivfD  su/’/’o^t:  T£^/- 


m0in^')(‘1!3  In)  -  ks! 


A-1 1 


C.  MAXIf^UM  FLAIUG^  SHEAie  STi^ESSfS 

7>  ' 

Ar  ^\mib  somiiv.  eft  ^  /(j^(ibh^^)[ur^r~,)  -  -zdqi^si 

,  .  h^)/ 

AT  ?m  LOAd  LuV'}:  Tf-  /(HDOm'’jCui!r)  :  -20C  if-ii 

I 

AT  F\XlP  SutPoef:  Tr  =  ’""^yCl^OO  in^dc  i-l^  =■  \'ud  I^SI 


ITof^smAL  STKESSES 


$  I 


A.  ToilSlQ!\jAL  FUNCXiof\]S 

USE  ^/4  =  ^^^7^8.3"  "  G.3S 


AT  PiAiA/ffi  5UPP6F1  .' 


'  l: 

m  r- 

.25 

f£C)y\  o"  To 

W32  ” 

U5£ 

cas£  /Z 

(!)  • 

(.  pO  J 

=  0 

••.  0 

'-  0 

<^”- 

[^] 

=  o 

.-.  0 

"  ;  0  ' 

q5^- 

[¥  -rt] 

r  ^  *1 

=  -5.Z 

;.  0' 

(2)'"- 

=  /.o 

;.  cj'":  -UBoETi^ir'^ 

0 

=  2.015 

■■■  0 

-  .0]0CH''i 

0".| 

1 

.  J 

=  -.Z5 

.-.  0" 

=  ?.qS50n/D'^ 

0'- 

.i  1 

.  a  J 

=  -u 

.'.  0’ 

0'"- 

"  .20 

.'.  0'-' 

~  -'h-'hOWC  \  ID'"^ 

A-12 

/IT  F\xsD  suppo/et: 


\  d)'  --  2.C7W\io-^ 

■■  d)'  0 

11/ 


6.  STg£SS  CALCOLAnorJS 

i)  ToesioML  SHEM  smssss  iLV'.iis(„ 


■rt=  c.t<?’ 

I  ' 

AT  Pl/UMED  SOPFdFf  :  ZiVi  -  (.\i26(i\cv)i.l%]^)(ll'hj^](\l0''^)  r  j  ojg  jrc, 

Ztf-  -A\)2oom)Oyiu)b.2Zfi(,!t''')  ■ 


AT  Po/A/T  L6/\t>  CldV')  ■  Tt^-j  -  {.^^200 C,P2')l7  -  •S7‘2  m 

7if  ^  [ II200  i:s.)il.lVn)U.7Z^7Uj6'0  =  .?2^'/rsi 

At  P\m  SaFPoei:  7-fw  =  C 11760  i^si}C-7‘fS!n)  (o')  -  0  j^r; 

Ttp  =  Ci/ZoOu-ji  )(/./f/n)(o)  --  0  Jrt/ 


W/IgPlMG  hJoKMAl  5TI2E55E5 


A0/\XIA)1/A)  T7P5' 

lA//)t  '  5’3.'^  ‘ 


^  fv/S  =  (^no  0 

/If  PWMfi)  SoTFdzr:  S^s  ~  Czioo^i  Kv)(52>.ih7)(o]  -  0 

AT  Toiin  Load  Ciory.  e’^s  =  (ZMO  i^iO(  53.7.70  C^.^f 550^^ /r")  ::  1,3:7  !:v 

AT  fiXiD  ^xJFPbiT'.  c5’ws  =  fefOOO  Icsj(53.7in0(“2.^77y'7jo-0  -‘{.I'?  KSI 


A-13 


3)  WAI^riNC^  ShlEAZ  STRESSES 


~7  -  ^fii 

CHS  =  — ^  (p 


/?r  cs^rfe/isi 

Sij-  273  !n'^  ,  tp  ;  /. /<!  in 


A'^  ?IUN£0  suPeo^t:  c^s  =  C-'/.^So5’7g  -  ./^)o  ats/ 


,  ,  -C2%6b)^S‘)('2nh'i)  ^ 

yAr  fd/wT  ipflO  C/dJ'O-'  CHi*.  - -  C-3..  3(3//^  J'  .02b  /r-s; 

» 

_  -C2‘^bo(ii^soC2HV^'0  /  ,X  ' 

/T  FIAPO  Sa/’PoieT  :  -  {.S.CliV  ^  lO'V  ■'  -.  337>^;- 


A-U 


HAMD' CALCULATIONS 
FOR  PROBLEM  3 


BEAM  selected;  WI2x7F 
END  COWDiriONIS:  P.WED-PWNED 


iO  i:-w 


27 


SHEAljMOMm  DM6^/\M5 


- -  3^0’^ - — - 

I  • 


Mo  f^AKJE  BfWbiMO  LOyiDS  oB  Sr^tSStS 


ToRsiom: 


1 

: 

% 


Wl2x7^  D)M£M5I0M5  &  PKOPf.^TlfS 


/A  :r  25.2  in" 

L  -  in'^ 

a- 

=  7330  inf- 

Qf 

7C,  3  j>3 

d  =  17.33  In 

Iy  ~  2  IQ  i'n'^ 

a 

-  70.3 

Qw 

7J.5 

JpT  ~  12. 03  in 

Sx  =  lo^  in3 

lA/no 

-  3?.ZJn^ 

E 

tuj  =  .47  in 

tr  »  .-73s  In 

5r  =35’,? 

J  -  3.34  in'- 

=  7^.1  in^l 

G 

i)2  07 

rfo^siohlAL  sri^Esses 

A.  TQK5)dh!Al  rUMrflOMB 

,  U.5£  =  ^^‘^'/7Q3"  r  5-12 


A- 16 


D  Toi^Sional  load  1  :  M--  Go  at  .il( sc,"} 


USE  CASE  3 ,  Oi .  I 


Af 

L£fT  ScJ^/’O/^T 

:  d)' 

'  1 

o 

1 1 

« - ■% 

.-  0 

^  0 

d" 

'  1  M 

=  0 

,-.  0 

"  0 

•• 

d’ 

1  --  .2^ 

,■,  0 

'  ^.0457^/^7' 

d'" 

'GJa' 

'  M 

.-.  0' 

i 

/r 

.iL(sry. 

d)  • 

L  1 

:]  =  .135 

••.  0 

-  .  0  i  3  5  &  0 

(!)"• 

'GJa  ■ 

,  - 

r*  y  ^  *t 

r  -315 

•■.  0' 

-  “  D .  5 1  ■'  ■  -N !  0  "•' 

o'- 

[^"] 

=  .21 

0' 

d)  • 

■ 

,•.  0' 

i: 

ft 

>^r 

.7L  C??;"}: 

(J)  •[ 

GJ.  5 

M  r 

]  :^..3 

.-.  0 

=  .0130?'; 

a)"-[ 

=  -.ois 

.-.  0" 

=  -2.37<r72A/0''^ 

(i)M; 

=  -.01 

■■  0' 

=  -i.ilCoC  ^  iO'^: 

H.'"  r< 

M  J 

^  .02 

r 

-  S.^''37b>'0“' 

/3r  i 

O&nr  5(jr/’di?r : 

0  •[ 

^.5 
M  Z 

1  -  0 

0 

.'.  0" 

r  0 

uii 

0  ■ 

-  0 

=  0 

0''[ 

-  ~.D‘J 

;.  0' 

^  -!.Z5SS'2  .10“ 

0'’-[ 

M  - 

-  .01 

••.  0"' 

-  2.U2V.si^''‘ 

A-17 


A-r  .iL  (1^7") 


Tof^SWNAL 


AT  left  SoPFoH^ 


/r  .IL  iiG")  : 


-IL  tZS2''): 


AT  Ki&hir  sumr: 


LOAD  Z  • 


USE  CASE  3,^-  .3  FZot^  Tfi£ 


.•-0=0 
/.  0"  --  0 
0'  ].5C^m  ^10'" 

:.  0"'  =  -ssz'i^‘1 


/.  0  -  .ooszsz 

:.  0"  = 

:.  0'  = 

.'•  0''  '  -3.5f^S?  A/r ' 

» 

•.  0  =  .0  2^,10^5 

•.  0"  = 

'.  0'  =  -i.0%12  v/0'^’ 

•  0'  ~  “5. 52^3  A  Jc  * 


0  • 

0"* 

j"'. 


L  M  i 


=  0 

"  0 
=  -.‘fi 

^  .IS 


(j)  ^  0 
0"  =  0 

0'  =  'Z.iiioE^Ty'^ 

0"'  =  ^.7c525  ^'O'l 


A- 18 


3)  sumArioN  or  0,(j)'.0[(p'’  m  lo/Ids  umz 

AT  iin  suppotir :  0  -  0 

0"  ::  0 

0'  r  SMSzUir'^ 

0"'-  -VSlZ^W--^ 

at.ilCk."}:  0  =  .Oimz 

0"  =  -C^ICWklO'(’ 

0'  =  A 10"' 

-i^hoy^id'-' 

AT.1lC2^2'0’  0  =  .0  3-7/23 

0”  = 

0'  =  -2.iauio-‘' 

(D'”^ 

/IT  /?i6Kr  0=0 

0"  =  0 

0"'  -  2Mysu\t-'^ 


B.  5T^^55  C/1LC0MTI0M5 

i)  Torsional  shear  stkessis 

Zt'-  Qt0' 


tw  r  .'/7;') 
tF  ’  .  1S6 io 


A-19 


M  un  SuPPdii:  Zt^  ^  C 11200 (. 10  ''')  2.9 i 

Zut  (llZd6  ics>)CjS^{n)[sXlZ7U/&''‘)  -  9.Q2  i^si 

AT.lLCSi"):  Ziy^=  Cll200}^sj)(.97in)(9.‘{‘^1lUiy‘j  =  Z37  fc-j/ 
ZtP^  ClI200l^s>)[.932iO(H.H‘JV7>IO'^)  r:  3.70  i^si 

AT  niCl^2")'  Tt>^-L\\200Prt)[.Hn]n)i-2.n2Uib-'^)  -  -A/y  w, 

Zt^  -  Clj200us,)t-'I2>Sir){-2.iaU!0''^)  --  'LZi  kil 

\ 

AT  SurFdeT.  Zi^  -  {  Il2o0  Kii)  (  .‘■fjjn)  ( >10''^)  =  •'7.10 

ZtF  =  C11200  --  -7.2?, 


2)  WAMo  m2.mi  srnEssEs 

y\A>\mut^  AT  fLAhi^i  Ti>^! 

(5^U  -  f  hJn0"  IaJ^  : 

AT  LEPr  SuPPdtT'  r  (2^^000  \CSI  )Cls.Z)..0i.6)  -■  0  ksi 

AT  .11  Cicy.  --  C2I000  ks,)C  75.2  h^)(-'C.  109^2  ^JO'd  -■ 

AT  .IL  Cin^y  Czm0^s,)(2S.2  /nO[-^.H^n  >10-^}--  ~H.7li  k5) 

AT  ^iCHf  SUPP6^:  :  CZWO  JtS/j^S^Z  lh2)(o^  '  0  \AS\ 


A-20 


3)  WMPlNO  SyM 

T. 

/r  UFf  supFozx: 

AT  .IL  Czs"):  Z^' 
AT  .7i(2S2"):  7^-  ' 
AT  Mr  Sumi:  r«or 


srmsES 


/rr  TLAN^i  CTNl^l^S 

ir--  .I'lSln, 


-C2^0C>0  >fii)C  7^5.1  in'<}  ^  _  V 

C.i3S’»j  C.'/.  75^7/y  4 /d' V  ■  .yv 


v/ 


~(2%oO  >^fO C7 2. 1  /n t)  /  ^  V 

^  C~  ^  ^  ^  ■"  .1^// 


i^^or  7?.;  /ot) 

»^^0(^'72.|  ix'i) 

(f.-7  3s;o 


(■‘H.nsc^io  '0 
(z/yvry 


■  .2o(,  ks! 

T  0^2 


A-21 


HAWD-  CALCULATIONS 
FOR  PROBLEM  4 


BEAM  SELECTED;  WIT x  90 
END  CONDITIONS:  FIX[D- FIXED 


lite  %X’-n6iny 
f^Fos  =  f‘fC.os'^^’'^)c^iwi/^y  - 


n’^ 


A  -  26.5 tF^  .-71  ;n  Sy  =  HV  »^^  H/no  -  £-'  2^>G00 

d  =  iH.OZ/h  I>  =  J  =  ^.06  0- 11200 

hF=  /4.5Z)n  Iv  =  362  ;h‘^  Cu  =  IQOOOiy^^  (5f  ^  33,7!^,^ 

iw  =  .HHm  /V)3  Cl,  r  lol  ''^  Qu  -  7^.3  ;h^ 


PMMf  BEUDIM6  STKSSES 
A.  LOhl&lTUDMAL  E^mUG  STCfSSfS 

/4r  ifrr  5  sisur  S0OTCT5 .'  d&-  =  -s.7j3s  ra 

I 

AT  .SLi2‘iO"):  d^-  =  3.3566 

B.  Maximum  mb  si-ieai^  smss^s  •.  , 

^  MQu/.  ‘  • 

C£aj  r  /Ii{j 

um  Ric>Ht  supfo^"^^-  Tu‘  '  2.i2nir.s) 

At  .siC7‘io"):  T^-  Die'S! 

c.  maximum  FLAIU6E  smf^  smssEs 

Tf.  ^^"/itF 

AT  urr  f-  Ki&nr  suPmfs:  Tp  ■  in'f)[.'7i  --  S'ldi  ksi 

At  .SlCzho"):  r^-O  w 


A-24 


TOI^SIOKJAL  5Ue:55ES 


A.  TO^SIOhlAL  FUhJcriOl^S 

USE  ^^^"/loi"  ^  H.IS 

i)  TO^SIoMal  Load  1:  M-  SOk-w  at  ^vo'C^O 
US£  CASEG^dL^.S 

AT  LLfT  ^  mn  surp'd^fs : 


0  • 

' 

i  Ma 

;  ""  0 

■:  0  -- 

0 

0'' 

.  M  . 

=  Ml 

:.  0"  -- 

(Z)'v 

f^] 

=  0 

■  (S'  = 

0 

0"' 

\GZ(X^ 

K> 

1  =  +.5 

0’  r 

;5.33<3b6  A/O*'' 

CZHd"] 

• 

0  • 

[g] 

=  .36 

0  " 

.03'^'??! 

0‘- 

m 

-  'Ml 

,•.  0"  = 

0’' 

'  0 

•  0'- 

0 

0"-l 

.  n  J 

i  '  fS 

•  0'‘  = 

f)  ToRSIOAJAL  load  2-  .z  f^om  0"  To  Vgc'’ 

USE  CASE  7 


A-25 


>ir  tffr/  Rm  sumrs: 


<p- 

' - 

=  0 

.'.  0  --  0 

GJ  .  1 

.  m  i,  J 

=  .5? 

,-.  0"  =  i.oniSxio'^ 

6'- 

'&5 ,21 

TT  t  ] 

=  0 

:.  0’  =  0 

0'' 

•v-r  J 

-  Tl.OO 

.  in 

'■  0  --  ^LS52IU/6^' 

SL  czio"): 

i 

0  • 

I  W  aL  J 

=  .56 

■■.  0  =  .057S7? 

0"- 

1 - f 

51^ 

=  -.23 

;.  (S''=  -3,eoJ7¥i/(i-‘ 

0‘-. 

r^-r  ] 

L  J 

=  0 

.■.  0'  =  0  ■,  , 

0'"-' 

,  -tt  J 

0 

■•••  0"'  -  0 

5)  suw/riow  OF  0,0:0',o"’  fo^  loAbs  lAmz 

Af  LEFT  f  ^l&Hf  SUPPORTS  :  0  =  0 

0"  ^  I^SSQUIO'^ 

0'  =  0 

0"'  =  ^Z0Vl%  ylO'’’ 

AT  .SL  WY-  0  =  .0‘^7r5'3 

0”= 

0'=  0 

0'"‘  ^  5.5m  y  10"^ 


A-26 


B.  STOSS  CALCULA'flOhJS 
l)  MSlOf^AL  SHEAZ  sTOssrs 

It-'  Gte' 


ii''-  .  VV  /V 
tf  =  .7;  w 


/\r  L£Fr  jf  sumrs: 

[1I2OO  k:s/)(.^‘{  //j)Co  }  '  0 
Ztf-Cll766]Cu)C.l\i>.)(o)  -  Ol^si 

/ir  .SL  CZH6"y.  0 

7iFc  Cj}700  '  0  w; 


2)  Vl/>l]ePIAJ&  STRESSES 

0*WS  =  £”  lV/)5  *  ^05: 

/ir  UFf  I  ^lafT  5uPf<}(^T5: 

r(f^a)Oi^jO(V«.3/b06-35:5^'/i/^)-0 '■  /?//<?  ' 

/jr  .5/.  C2W\.  C'^%06  ^  -'ll. 30 


A-27 


3)  WAgMO  5H£/IK  ST^CSSES 


Tm  -- 


M  FLAtJ&E  C^AJTIi^! 
Scu-  iP-.'7lln. 


AT  Lf/T  I  (i\Q-\-r  suPhars : 


rws=  -C2‘!OOOji:00 2$ !•,•')  ,10-^)  =  ?  ) 


/r  .5t  C2H0’): 


A-28 


BEAM  SELECTED;  W8xl5 
EWO  CONDITIONS:  FIXED- TREE 


I  PlAU(  BmN6  SmSSES 
h.  LomruomL  6£WDiw&  STffssfs 


d.  = 

AT  sumicr: 

ds  =  ■ '"""//I. S  h >  -  -12.7/2 

AT  .'bL  Cl 2"): 

(je>  -  r  -C221 

At  rm  fwo: 

d&  -  0  i^'si 

B.  Maximum 

WEB  5HM  SmsSES 

z.=  '■'Vii. 

AT  SoPToRT  ; 

r.. 

AT  .3L  CiT')’- 

AT  fm  end: 

7u/  -  0  KS) 

c.  MAxiyjuyi 

fMM6f  SHMK  SmsSES 

AT  5urPot1: 

■  ?.llh 

}  :  Z.on 


=  .■7nt'5. 


A-31 


AT  .uOr)\  Tr  -  .3ig  in)  =  SSI 

A1  fA/o:  ZF'  O 


l:ii 


TOKSlom  STKSSiS 


A.  WSIOfJAL  FUMCTIOfJS 

USE  --  ^^Vii.r'  -  I. ‘II 

i)  torsional  load  1 :  M--  so*'-"'  at  is"CiL) 

USE  CASE  ‘l.d’  .s 


hF  SUMT  :  0 


MA 

G7a1 
L  M  i 


1  - 


0” 

0'  [¥] 


0 

.44 

0 

-1.0 


AT  .5L  Ci8'0 


AF  Fm  im : 


0  ::  0 

0"  r  .0C0Z-7?'J4 
0'  =  0 

0'"  r  '.OCCQl^^l 


L  ma 

■ 

.05 

.OSOH27 

■G3<t 

.  M 

.. 

-.0? 

'.  ®"  = 

k0Q00SC'^:S 

0’- 

r&ji 
L~^  J 

.  A 

.1 

;.  0’-- 

.QOlHcS 

0”’ 

-.1 

:.  0"'-- 

-.OOOO^OHX 

0  ■ 

■ 

M«.  . 

- 

.13 

0  = 

.C?0347 

0 

0"  = 

0 

(!>'■ 

- 

.OH- 

■'  0’  = 

.ooonv% 

(J'"- 

'GJa^ 

K> 

1  - 

.OH 
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B.  smss  CALcuiArioMs 


i)  Mswal  shmk  STOsSgS 

,1  IP"  IQ 

Tt^Gid)'  L.  .zvs.'n 

AT  SuFfOUr  :  •2V5'/h)(o  ^  '  0  j^r/ 

Ztp--  C 11700  =  0  J^s, 

AT.SLCIS'O:  Ztv^-  (mo  }csX.2^lSi>^)(.OOIU7S)  -  5M0H  ks! 

Xtr^  C 11200  ic^X.SlSXi.OOlU^^s)  - 

AT  Hii  m:  Zi^  -  ( 11200  (  J^S /'>)( .OoO  im)  '  2.ic7  i^si 

Zu  XllZOO  kv)C.3lSi^)(.0OO'?V^)  ■  2.17^  ^'sV 

2)  WAKHMO  normal  STKESSES 

Maximum  /t  Flanci  Tips: 
(^(fjs  -  E  Wnft  0  !a/oo  '  7. 

/IT  Su/’/’a^'T:  ^  (2^000  XCl.SHlXioOOZlS^^) 

.3lO3'0:  d^/5  =  C2^00o;ps'X7.gV;h2)^.0(?(7C?5r/5:J)-'  -12.21'^  ks) 
AT  Fm  m:  -  (zwoo  KSi  Xi.iH-'.OCo)  -  0  K!' 


A-33 


3)  WAKPlhJG 

AT  sopmr: 
AT  .3L  Or}: 
AT  rm  m: 


smK  smss^s 


MA>IMUM  at  fLANGt  CirJr(AS>  ’■ 
If-- 


Zus- 


f  ■'ii  5  /O 


(-.oooonn) 


Twi  : 


-.  I?2 


I 
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H/AND-  C/ILCULATIONS 
FOR  PROBLEM  6 


BEAM  SELECTED;  WlOxM 
Ewo  conditions  :  fixed-  free 


5HM  I  MOMm  D]AGI^AM5 


f 


SHEA^:  1 


f^o>^EwT: 


Toi^sior^: 


WlOx^^  D/MEM5I0M5  &  PKoPims 


A-. 

IVI 

L  ^ 

^  Z7^).v 

Cw  = 

ZolO  In^ 

Of  = 

:  13.0  ih^ 

cJ  r 

h  = 

^3.'/  ih^' 

a  = 

G2.H  m 

Qkl  ~ 

;  30.7 

kf  = 

10  )n 

5.  c 

54.6  ih^ 

Wno  - 

H  = 

21000 

tw  = 

:  .3'f/n 

Sr  = 

III  ih^ 

5w  = 

3Z  4 

&  = 

ll2oo  K:i 

Lf  = 

.  56  io 

1.38  i».‘< 

FIAU^  BtMDIM(?  STK(S5^S 
A.  LOMGITUDIMAL  B.[MDIhJ6^  STOSSfS 

da-  ”Vs, 

AT  SUPfoUt :  de,-  ’^'’"/su  ir^  '  lO-SVT  I^S' 

I 

M  / SHX  ih^  "  7.033  zs/ 

/if  fzu  fMD-'  ds  ■  0 

6.  Mb  sm^  smssEs 

~Cu  -  \I 0«''  f 

fit  SuFroP.r:  T<v/-  •' 

’'''^/(27Z}n'<)C.ZVn)  -^73 

Al  fm  m:  >^^)/Cz72}^'’)(.Zr<0  = 

c.  HAyiMU^  FLAN&E  Shl^AR  STRESSES 

Tf'- 

AT  svFrozr:  Xf  -  V(27Z/*>''X-56  jO  “  -.Pi  id^i 
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AT  .sl(%")'  -  -.ni  Ksi 

(tWkeno:  Zt=^''^'‘^^'^-°"’^V(272;hi)[.Si:,i',)=  -.371  i^si 

M5I0W/1L  STRESSES 


A.  To^Slom.  FnMCTio\l3 


USE  Vd  - 

'"'/ezv  = 

3.0  g 

ij  To^siomal  load  1 

rvi=  .4j^-/a»//a/ 

raw  0 

"  To  %"  •. 

U5L 

C>55^  /O 

A7  suPPoef  (b  ■ 

.'.  (}  -- 

[  J  ~ 

0 

0 

(?’• 

■^  ] 

.  r*'  J 

nz 

.-.  0”  = 

.0000/8^33 

0’- 

■^,zl 
,■7^  'X  J  ~ 

0 

.■•  0'  = 

0 

9S’". 

'6T«i1 

,  J  " 

-is 

•■.  0"'. 

Ar  ,5lEi6"):  ®  • 

''H  1 

J  "■ 

.2^ 

.'.  0  -- 

.oia 

0"- 

- 

fyy  j 

-JH 

.-,  0"  = 

-  0000036Z3 

0'- 

^.zl  ^ 

_  >vi  a  J  ~ 

.30 

•  0'-. 

.  ooo7n2 

0  • 

_  j  - 

.15 

■  0'"- 

c.22!l  V  /O'^ 

AT  TUB  BW:  (h  • 

It 

tjfi 

.■■  0  = 

.0^103 

0'- 

= 

0 

.'.  0''= 

0 

"r^  i  “ 

.15 

•  0’  = 

.000/211 

gja  1  ^ 

n  J 

.05 

.'.  0”- 

3.O'737j./0-'2 
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B.  5TKSS  CALCULAVoMi 


i)  msiom  sm^  smsses 

I  { p  r  .  S4  in 

~Ct  -  Grt.  d)  itj  p  .34  in 


/f  supfoPt; 

Ttw  --  (11200  )cv)C.3ri>^)io)  '  0 

Ttp  -  (\2oo  '  0  j^s' 

1 

AT  .SlC^s''): 

Z’iwr  Oizoo  ^u)(sih)[. 0002122) 

(//2oo  i^s, )(.s^i,)C. 0002122)^- 

K31 

Ar  rm  ENo : 

(li2O0i^^d(-3ii^)i.^O0Oi2n)^  . 

HOI 

C  jllOO  k:si}(.SCim)  (.  000  f2J/)  ' 

.  7^0 

2)  WA^mo  NORMAL  Sm55£S 

/T  Tips! 

(5’c-5  '  hUJn,0"  lAJn.r  Z3.^  in" 

Zir^uf/’on:  dws  ^  k50^2’3.6 /hO(  .0000/2  <33}  -  12.^57  t<si 

Ar  .sL(<^6"y.  (21000  icsi)C2ic in^)('.ooooo3^2i) ^  -7.no 

FP2£f  Hn/d:  cp<«js  -  C 21000  iiSi)i2l.G  i*)^)Co)  :  Q  Kst 
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3^  VlAtmG  SHMg  SmsSES 


a'" 


/^T  fUMGf  C£a4'£« 
5£j=  37.^  \  Lf'  .5Q  in 


Af  suPPder:  T^sr 
'/T  .slC96''):  Tcv/s- 
/IT  r(?f£  fwo: 


65c  in) 

-(2^060  ICSI)CZ2.^  jn'^)/ 


£.721]  >}(^'^) 
cziiuio-'^) 


l.OQO  Jirr/ 
'JO^ 


I 

-.035  A:?f 


HAWD-CALCULATiONS 
FOR  PROBLEM  7 

BEAM  selected:  WSxIS 
EMD  COMDITIONS:  FDfCD- FLEE 


» 

wo  PMKJf  BfMDItJC,  10AD5  STRESSES 


A  :  L  r  TJ.liw'f  Cu--  1QS)^(’  Qr-  =  2./? 

J  r  Jy  3  ^?.32ih‘'  a  =  H‘f.2  -  5.3‘lih" 

-  S'^Sin  Sx  '  S.lS  6Jna  -  ?.?S  (V>^  F  "■  20COu 

iio  r  .23)n  5y  =  3.11  Sw-  IlfOO  «; 

tf  :  .26  ita  T  =*  .10 

Torsiokial  stresses 

A.  To^siokJAL  fuhJcrms 

use  ^/(k  -  ^^  "Ah.Z" 
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/V)  r  IjQ  k'-lN  /IT  12.6"  C.2>L) 


i)  ro^5IONAl  LOAD  1  ■' 


USE  C/i5E  ^,01 --.3 


A1 

'  SuPPo/^T : 

0. 

,  MA  J 

^  0 

..  a  = 

0 

0". 

-  n/>  J 

1  =  .26  ■ 

0"  = 

.0002/00'? 

0'- 

[-1 

L  M  J 

=  0 

/.  0'  = 

^  0 

0"- 

rciot' 

1  ='I0 

•■.  0"'  = 

-.OOOOIVJ 

At 

.3L  02.6") 

0- 

1 

.  yia.  j 

"  .005 

a  -- 

.ODl^^iS 

0'', 

‘GJaT 

.  H  J 

=  -.02 

0"  = 

-.OOOOiCiC 

0'- 

m 

-  .OH 

0'  -■ 

.00^'/2?5'7, 

0"- 

:  -.97 

:•,  r- 

-  .00  00/773 

AT 

OT  fw; 

0  •  [ 

M] 

=  .03 

®  = 

.  QH7357 

0"-f 

^  0 

■•.  0"  -- 

0 

0'-f' 

a]  . 

M  J 

=  .03 

0'  ' 

.00/07|S'3 

0”  [' 

J 

=  .03 

0"  = 

B.  STRESS  calculations 
l)  T0^5I0!\JAL  5HEA^  smssES 

iF- 

Zt-  Gt(J)  twr  .ZT" 

AT  surpoer  :  Z-t^-  (//200  wX-?3/;v3(oJ  '  0 

(.11200  ]^v)C-2Ctfj)Co)  '  Q 
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At  7tw--  fiizoo»362Sw3f.ooiv285-7j--  3.a£)». 

■  Zti  ■-  (moo  ltS')C.2iu)[.00IHZ'iy)  -  4.K0 

/IT  rfiC  ivo:  ?tw  =  (  mo  ra)  L .  23  '/O  (  .  OQIOim)  -  ?.  no  K/ 
Tif  --  ClUOO  iciOC-Zilfi)  ( -00101 NZ)  :  3.170  KS! 


i)  WA^mo  momal  sms305 

C^u,s~  E  kJno  0  (Ajna-  '3.S'3i'i- 

/ir  So'/’Aj/ZT;  C 21000  i^^)(  ■0002100'^)  =  ‘z2.2lZ  >'i' 

yiT  .3i.  02.6")-’  CziOdO  i^sO(2.E2  h''X~.  000010)6^  -  '^•02‘/ 

/AT  Fietf  fND:  ©"ws  *-  (2^000  )Ci-S'!  ■y)(  o)  -  0  «i 


3)  WAI(F/KJ6^ 

^riersirs 

yiAxIn'Jyi  A'  PLArJ6[  cf'vrfC‘3 

Tu,i=  s..:  SoTi/l,  t/-.2«,v 

ATSumr: 

^t^>5  : 

-»,)a3v.'0  (-  oooowsj^  e.?i0K. 

/IT  .3L  O2.6'0- 

Zi^^' 

-i2‘IOOO  nvXi-ir’'-")  (-  qooo!77  33  ^  CfoS  ra 

A1  me£ND: 

TtOS: 
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H/»MD- calculations 
FOR  PROBLEM  8 

BEAM  selected:  W8x6r 

EWD  CONDITIONS:  FIXED- FREE 


A  = 

ni  in^ 

T>  = 

:  272  rr^ 

a  . 

0^ 

-  In> 

io  )h 

Iy  = 

a.  '■ 

'  77.2  ;h 

(?w 

=  37!  /7 

hf  " 

3.22  In 

Sx  ■ 

■  ^o.H  }y>^ 

l^/hO  ■ 

r  = 

tw  “ 

Sr  ^ 

71.  '1 

s-'  ■ 

■  333 

-. 

//200  /Y': 

tF  - 

J  = 

5.o5.>^ 

TO^SIOMAL  5ri^ES5E5 
A.  Toi^sioajal  ruMcTioNS 

USE  ^Id-  ’^^717.2"  =  3.  <77 
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ToUS^ONal  load  1 

+ 

Toi^siOfj/\L  Load  2 

(TOMS/WfD  ToUSimL  LOAD 


l)  T0^5!dl\jAL  LOAD  1  i  M 


■  USE  Case  ]0,  dL 

AT  sunotii ;  (j)  '[  nnai  j  “  0 

0'-B]  -  3.0 

(^'•[^■1]  =  0  - 

0’".[^]  '-‘1.0 

/IT  .5(.  f3z.i'):  rt  ■  [^J  “  1.3 
<j5".[^]  -  ,5 
(S'.[^t]=  3.3 

fOSil  ^  ,  , 

/^T  E/\JD  ■  0  •  [ mat  ]  •'  5.0 

0"-[^]  =  0 
0’  •  ^-1]  =  1.1 


.2  '"■'V/N  r/?oh  o"  To  }dr' 


0  ' 

0 

0"  = 

-.000010^02 

0’  = 

0 

0'”’ 

5.7  >10'^ 

0  - 

rOOS^oO"?^ 

0"  = 

-.00000106- 

0'- 

-.OoO  1^S7 

a"'- 

0  =  -.0130?0& 
0"  -  0 

0'  =  -.oooovns 
0'  "  “1.01  X  lo"^ 
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/r):  .5  FRon  0"  To  32. V 


i)'TolSmAL  LOAD  Z: 

USE  C/iSE  lO^Qk--.D 


/IT  SuPPof^'^- 

0  • 

[%] 

=  0 

0"- 

[f] 

=  -5 

- 

0'- 

G^l  1 
.  ^  CL  J 

=  0 

0’". 

m  J 

=  ').-2 

/IT  .3L  C^2M"): 

0  -1 

■G^  1 

rnO'iJ 

=  ./2 

h'i  f 

■65  1 

0-1 

J 

=  '  0^ 

0'[ 

M  a  J 

0"'[ 

65g  1  , 

m  J 

^  .0^ 

AT  FREE  £A/0; 

0  •[- 

- 

Mfl*  J  - 

.22 

0 

0 

(!)"'■  m  - 

0 

^  somAi'ioN  of  d).S.  0[d"'  fo^  iof\DS 

AE  SoPfQ^^  ;  0-0 

(b"  - 'G.in  >10-^ 
d’  -  0 
cp'"  =  ;.3wo'" 


p  =  0 

0”  H.H7^lO< 

0  ’  o 

0"’-  -  ' 

•.  0  «  ,000  7?4? 

.  0’'  = 

■  0'  =  ^00002}C! 
0"'=  2.6 

1 

0  =  .  ooi‘iz%v 
0"=  0 
0'  =  0 

0  ‘  0 


1  AHOZ 
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/AT  .3L  ^32.^0 

:  0  '  '■7.  C/a  MO 

(p”  :=  ~/.25cc>/0'^ 

d'  =  ".0001311 

0'"  -  /.QU/o-^ 

/IT  ftiE  Ea/d: 

0  -  -.011^12 

d)"  =  0 

(Z)’  "  -.oooovis 
()'"--  -1.01 

6.  sr^fss 

CALCULAl'lONS 

i)  To^siow/il  sheak  stresses 

Ct  -  GtQ  tw=  -S’?//! 

Ar  suPP6ni : 

-  0^200  KSi)(^  Go w)io)  ~  0 

Ttf-  ( 11200  KS')(.^3G'>^)io)  =  0 

AT  .31 

?iv-  (//700  kO  f.fVrt)  f-.ooo'37/J)  =  -VE  ra  r 

rtf--  Cl/20Oii!,)(.‘l35i0(-.000miM  -iHiC 

AT  FPES  £m  : 

Ziv.^  ClIZOO  )cs.d(.^l  h)(-.OOOOVls)  -.522  .^9 

5iF'  CJ/200  i^s0C.13Si0('.Ooo0  %iiS)  = 

1 
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P)  WAKPIMO  MOMAL  SIKSSES 


/ir  fLAUGi  Tips'. 
Vjno  =  16.1  iu  ^ 


c^ws  =  £  M/h(«  0 

AT  SuPPoi^-r:  dus^  (2^066  }h^)(-cm  x/D'O  '■  iGS! 

AT  ,ZL  Cl7.H")\  ■  C2%00  ^^dClC.l  i'^'^)(r!.tSC^ 

\ 

At  Fm  cuo'  6'ks"  Cz‘1000  i'i^)io')  =  0  K. 


3)  U*|i?PW<J  SltiSSES 


-~ 

/If  5uPPci?r: 

Af  >%Cs2.r): 

T^- 

AT  pt^LP  E/\JD' 

T^-- 

f.0'' 


PlA>ilnm  /IT  fi/i/v<:£  cirj-fcgs' 

Sw  =  32,3  i‘i'^  .^3$  in 


-£2^000  ifs-'X 37-3  i-Jt)  / 

- ')30  Kr. 


('.'?35  iO 


■T/ 
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BEAM  selected;  C\Ox20 

EEJO  COWDITlONS:  FIXED- FREE 


SHMjf  Sc  MOmT  Dmi^AMS 


J 


C\Ox?0  DIhEMSIOMS  &  ?R0Pmi5 


A  = 

I.  = 

J  = 

10  in 

5x  * 

15.3 

hr  ^ 

7J3^lh 

5y  ' 

1.32  in' 

If.  “ 

.436  ivi 

J  = 

.37  in-^ 

.  374  )in 

56.4 

L- 

78.4 

0.  - 

14.4  in 

lA/no  = 

?.24  iv,^ 

Qr 

=  5.oV 

YJm  - 

3.^5 

(5w 

4.77 

Sca/' 

3.  JO  ih** 

f  = 

^  2^000  K5I 

5(«^  = 

?.34 

G  - 

]]2Q0  i^s) 

5w3  = 

l.lP-y 

PLANS  B£MDIN&  smssITj 
A-  lonoiTudiml  BSNmo  snssscs 


a'a-  ”/sx 

AT  5uMX: 

d5=  --  -'3Md‘j  KS! 

Ar  .3lOS'0: 

Ar  Fm  E^o: 

da  -  0 

t 

6.  MAXiMOtA 

Wf5  5)\IA^  stresses 

^  V(S?w  L 

Cu-  /  a ifj 

AT  soFPc^^r: 

Z^-  V(f7?.9;h*9C57^73  ■  /,^3V 

AT  .3>l07")' 

/'.''}(  377;.}  =  UW  Ki 

/It  fA/D; 

=  0 

C.  M/AXIMUM  fLAN&P  5KAP.  STKES5£5 

Zf  -  ®  '"’V(73.‘)  .--■'X.  V3fi  ^0  =0  •~3>3  tel 


AT  5uFPoi?r: 


/IT  .3L  68"3-’  Zf--  ^  0.5/5  k- 

/IT  rm  £A)i).'  Tf '  0  K5' 


TOBlOW/lL  5n£SS£S 


A.  W5I0NAL  FUNCriONS 

U5f  '  3.01 


1)  Torsional  load 

1 

:  M-  5o 

V-m  AT 

'/R'Y.30  • 

U5£ 

C/ASE 

AT  sutf^er : 

0  ■ 

L  M4 

1  = 

0 

:.0  - 

0 

0"- 

M 

]  = 

.'.  0“  = 

.0002)46 

0'' 

Ni 

= 

0 

.-.  0’  - 
'  til 

0 

0'"- 

ll  _ 

-1.0 

.'.  0  = 

-.0000122% 

.3/.  02')' 

0v 

MaJ 

= 

.13 

.'.  0  - 

.0/8728 

0'' 

G3ql 

M  . 

- 

'.n 

,'.  0'  ' 

-  .00006/84 

0'. 

'g5’ 

= 

.1^ 

.-.  0' 

.00/303) 

0''’ 

'6J4^ 

]  = 

-.82. 

.'.  0"'  = 

-'.0000)47'? 

AT  fm  m- 

0  ■ 

.30 

0  -- 

.0  432/7 

0"'. 

M 

:: 

0 

.'.  0"  = 

0 

0''[ 

3 

.04 

.-.  0'  = 

.OOCZS4G 

0  •  [ 

G*? 

1  = 

.04 

■•.  0"'- 

7.  3)25  A/O'" 
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i)  Toksiowal  load  z  : 

- 1 

DUE  Xo  SCClMiaXi  OF  UMfOKlA 
i)]5TR\5DrED  Load  (w=  1 'Off)  xheougf 

CHAMl  5im  CE^jm 

- 

e° £o  +  X 

'  .  1')  + 

^  \.2H  -/n 

-  ^'"/z 

-  2 

Eo'  -326  i^j 
£k/-  .3'7‘?  i*! 

1 

fy]-  oj-e 

=  .0?53  ^//A/  •  1.2  H  in  -- 

1 

/03  fjeon  o''  n) 

USE  CASE  10 

c<.=:).0 

1  1 

(\x  suPPoi^r : 

(hl-Ur]  =  0 

d-W]  -  2.0 

fH']  --  -3.0 

'.0 

0" 

,•.  0' 

.  J 1" 

(h 

»  • 

=  0 

=  .OOOOWI 

--  0 

=  -.0  0000  37^7 

hx  .3l  Or): 

, 

u)  •  ,nfl^  “  .  d 

(1)"'[^]  =  .3 

({)’•  -  1.^ 

■■■  ® 
0” 

0' 

0"' 

=  .00  5^0X7 

=  .000001H5E  \ 

.OOoHX^r  i 

=  -.00000/373 

AX  mi  E^)D; 

0  ■[^']  =  2.‘i 

0'3[^]  -  0 
0''f^'=l  =  1.1/ 
0"  [^]  =  .1 

0 

0" 

0' 

0" 

=  .023^23 

=  0 

=  .000  3^(^23 

-  .000000^7'/ 
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3)  SUMMAflOM  OF  0,0',0\0"m  loads  1 /IA/D  Z 

AT  sorroUT :  0-0 

0"  =  . 0002613 

0'  --  0 

A.  Ill 

0  -  -.00002203 

AT.iLOiO:  0  =  .02%Ji7 

0"  =  -.00005138 
0'  =  .  00/7730 

0,  =  -.0000/63^ 

AT  rm  Em.  0  ~ 

=  0 

0'  =  .000635? 

.  Ill 

0  =  .OOOOOICOi 


B.  SffFSS  CALCULATioMS 

i)  to^sioual  smu  stksses 

Tt  =  GicJ' 


tfr 

:  ■  37^  'f' 


/If  Support:  Ttu/ »  0/7OO  ks/X  ^??  ;0(o)  -  o  » 
TtP  '  ( 11200  !^1')C.HSC!hJ(^0^  ?  Q 


AT  MOr)'-  Ti^  =  (//200rt-)(.377;J(,00/773o3  ^  7S26 
rtf  '  Ciizooxst)(.nci<,)(.oonnp)  --  icsi 


/IT  Fm  fA/O; 


Ttu  =  {,]IZOO  ^  2. k-5) 

Ztf  -  (.1)200  ^s,)[.mi^)  [.OOOC359)  Z.ldSks^ 


2)  ^aimg  mo^mal  smssEs 

o’v.s  =  £k/n(2>" 


Wno  :  9.2^ 
Wo  2  -  3.^5 


/it  5urpa^r  :  O’ws^  =  (2^000  a:s/X?' 2^-'*’ 0(. 0002^^)3)  OS.  151  i^si 

=  (z^OOO  krs'X^.^S.-^X.OOOZ^pJ^  5^.2%^p 

AP  .'SlC\%"):  "  (2^000 0000 5t/32j  -  -]72ASk9 

6’ws2  -  CZ'^OOO  •/b3)C~-0000  '  '0  222 1<,, 

/IT  Fi^f?  end:  dvJSo  =  (2^000  (^5-3 (8.2  0)  0  kt/ 

dt^52  -  r27OOOKs0(S.<?T,vXo)  -'  0  /^s- 
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3)  S}-}[AI^  5rRC55£5 


AT  SuPPo^r : 


AT  .31  CirY 


AT  Fm  Em: 


n.--  '-^(p' 


if-  tw^  .379 /h 

ShJi  :  3>.10  in'^j  ~  5tJ3  -  /./'/^  • 


7w2  - 

7.,  ^ 

Z^2  ■ 

Z<^Z  ' 


■i^m  }csi)Cs.io  0000220 3}  -'  v.b^z  •<s> 

C.‘-)36ihj 

-C210M^a,)Ui‘)  )•,■<)  (_.  220i)  --  3,5o2  /«■ 

.00002203)  = 

-  (21000  ksOCS.IO  !'>)(-  oooOK3i)  ■-  3373  «/ 

r,436ih3 

-czim^L^)  £-,  oooofe3g)  ^  z^o’/ «.' 

-  CZIOOQyS'X  Ij1  >’••')  {'  0000105^  ■  /  lio  'i'l 
\(W0O  Ks,)C  z.ioir,-) Qoooo/fOC)  -".  33 i 

(.‘■I  j6;hj 

-  am  -■'7  (  oooooiios)  -  -  255 

-  C210M^)UJ1 1"'') (  07000 /eoz)  =  US' 


ysi 
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HAK/D'  CALCULATIONS 
FOR  PROBLEM  1Q 

BLAM  selected:  CI2x30 

End  conditions:  fixcd-tkee 


€12x30  DlMiH5m5  &  PfOPfRTIfS 


A 

Wrn^ 

Tv  r 

J  - 

lZ-,n 

5v  -- 

27 ',.3 

br  = 

3nih 

5v  = 

Z  06-1^3 

tw  - 

.  5/  'll 

J  = 

tr 

.  So/ 1'^ 

- 

ISlhi^ 

I.  = 

IC2 

CL  = 

Z/.3;. 

TOI^SIOKIAL  smsses 


W/.TDin^ 

Or  ^ 

7.?^^  ’'7 

K/ni 

=  s.02;'.^ 

Qw  = 

5m 

=  ^.01  /*>■' 

r  - 
— 

2H00Ci 

StwZ 

=  ^///inS' 

6-  ^ 

/IZOO  /PS-! 

Swi 

-  Zn-.H"' 

A.  Torsional  FumctioNS 

USf  Va-  S.Q"? 


.2  l^'/AJ/Zw 


mSlO^JAL  LOAD  1 

+ 

Toi^sioMAL  Load  2 
COM&lf^ED  mSlOhJAL  load 


5  TQgSIQM/lL  LOAD  i:  r^-- -2  Fm  o"' To  lof 


USL  case  10^d=/.0 


At  suPPozr:  0  ‘ 

0". 

0'* 

0'^ 


Ar  .^lCum"): 

(D- 

r^i 

=  2-5 

:.  d) 

-  -02SV2 

0"- 

. 

:.  0" 

.  r«  a 

1-  n 

.■,  (p' 

^  -.00100^3 

0"' 

G3(k]  ' 
.  m  J 

=  '1.0 

.  0“ 

=  ^.072/  x!Ey' 

AT  feef  Em; 

®  •  : 

pna^  J 

=  3.S 

=  '0776i 

(F'-[ 

fV'  J 

-  0 

•■.  1" 

,  (j)', 

=  0 

'^•2:1 
•  (L  ] 

=  lA 

-.OOOHnF 

0'" 

Gia  1 

=  .1 

.'.  (I)' 

=  -?.722?>0' 

frv,dx]  =  Q  .  ^  Q 

L^J  =  ‘-10  -•.  =  -.0000 ?257^ 

Lrviaj=0  -‘•0-0 

L^l  =  -S.0  ® 


.2  )<^-in/w 
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^  ToUS^OMAL  load  2.  :  j^=  .5  f^otn  0"  To  32.V 

USE  CASE  10^  d'. 5 


AT  SUPPOI^T  : 


AT  .2>L 


AT  F PIE  Em: 


0  ■ 

r 

0 

■  0 

0'’- 

.72 

••-  0’’ 

0'’ 

"TT  <J.  J 

= 

0 

••.  0' 

0"'' 

J 

= 

-/.5 

■.  0"' 

(J  •  1 

] 

J 

= 

•  27 

■■-  0 

0"-! 

|V>  J 

-17 

0" 

0'- 
0”'-  [ 

'^.11 
/M  a  J 

6Ja'| 

J 

.28 

.]G 

■•,  0' 

a'” 
;.  0 

0 

0' 

0: 

0 


III 


^  1 

rvtdi  J 

Gl.Zl 
ri  fl-  J 

G^l 

J 


=  M 

=  0 
=  0 
=  0 


0  = 
a” 

0  = 
0'  = 
0'" 


0 

■  OOOO^niE 
0 

-.oooooSQ'hr 

.COE32Z 

-.OOQOOll'b 

.000153^-, 

.0000003^7 

.0OnQ(, 

0 

0 

0 


3)  5UIAMAtl0f\/  OF  Fo^  LOADS  1  /^NiD  2 


0  ^  -.GlolH^ 
0"  ^  0 

d)’  ^  -.0007177 

/IT  .3L (7$2.')j):  d)  =  ~.onop%  . 

d)"  z  -1.  3723v/0'^ 
d)’  -  -  9.0IH  k  I0~‘' 

Q  =1.3562/^/0-^ 


>1T  50P^0I2T;  (2)  =  0  /IT  F^ff  EM 

0”  =  -.00OO‘/572 

(Z)'  -  0 

0’"  =  /.2/Z  i.lO'F 
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1 


B.  STKE55  CALCULATiOMS 


i)  TORSl&hlAL  SHEAH  smS5£5 

AT  SUFPoZr: 

Ztw  -  [j  IIOO  (  •  5 )  in')  (.O)  ~  0 

Ttf  =  C 1 IFOO  k$i))( .  EqI  iin)[o)  ~  0  1 

1 

AT  .SL 

Tiu -■ 

Til  -■  Cll200Ksd[.iolid(-Wl^l-'~l0'‘'J=  -S.oJUs/ 

/IT  mr  ENO : 

Z"*^  =  ( //ZoO  w06 SI  iO  (■  -.  OOOHm)  '  - Z 5  're 

?tf  =■  OizooKsOr.soi;0(-.ooo‘/i7'_)  =  -ivira^i 

2)  WAmMC 

nomal  stresses 

(5^;^  =  EWnCj)  h//^o=  l!-l  h/n:j:  5^02/''’^ 


0 

1 

z 

f  3 

- ( 

r 

, 

I 

I 

I 
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AT  SUPPORT  : 


At  3L  CziM"): 


At  end: 


3)  WA^Pm 


AT  suppoizr: 


AT  .3L  (12.^) 


AT  fm  end: 


CXjSp  =  CziOOOiCiOi  in  ih’  )(', OOO0‘l5'4?)  =  -ISAIhv 

-  (;2MO0i«')(5.02i>.0(-OOO0'/5‘/2j  --UIZK5I 

6ui^  =  (2®OOra)(;/.7ii>^3  --‘/.s'svra 

=  CzjMns,)  ( S.02  ;»0(-  ).3‘/z2  A/r;)  A  -  nsY 

5’uSp  :  C2WflO  0)  :  0» 

)(s.oii,Dio)  -■  0 


5)-l£Aj^-  sr^^ss^s. 


Su.,  --  LOI  iy^  \  Su^--  S^y  2.hS;,^ 


Zoj,=  ~  (1.2 12  >!b'^)  - 

-C2^oooksOCH.^)w')(,^,^ 

- Tsoh^) -  U.2/2a/D 


(2^006 


( /■  2 /2  WO 


ZiMi '  tTsoTTo  ^  I-dS^ZI  \I0  J  -  ,N  /Z  K'ij 


1.^5471  .y)  =  - ,/?? 

^  -  (7M0Ok^})^.O]W')( 

T^,-  Z-Sol’n)  \%l22^\\^'j-' 


icsi 


■  iOO 


Tua,  =  ^  .ZV?  >-7 

Zw,  =  -  1:21000  ^OtCzHSm-)/.;  7779  WQ-^}  -  JZZ  «: 

C  -  5)  in) 
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H/IWD-  WLCUL/lTlONS 

FOR  PROBUn  11 

I - - - I _ I 

■'  BEAM  selected:  C5<S 

[WO  C0WDITI0M5:  FIXED- R[[ 


r 


SHEAR  i  MOMEWT  DMSRAMS 


! _ c _ _ _ 

"  -*—12.6- 
-* - 

^  MO 

m" 

- 

MO  PlAhE  IOAD5  OR  smsSRS 


ToliSlON: 


MO  m 


C5k1  PIMEMSIONS  fr  PROPERTIES  | 


A  = 

fn' 

Iy  ^ 

:  .($32 

ih'' 

l^no  - 

2.65 

Or  -- 

1.21  'rrE 

cl  = 

5.0  in 

Sx  = 

:  3.56 

in3 

lA/n2  = 

1.38 

6?u  : 

2.Z2iZ^ 

br  - 

1.885  in 

5r  = 

.M5 

hZ 

5tvi  ~ 

■n 

in'' 

E  - 

Z7000  K^’ 

tw  = 

.525 

J  = 

.lOM 

i'n'^ 

Swz  = 

•  3S 

ih'' 

0  - 

1  'Zoo  IS' 

tr  = 

.320  in 

Ow  ~ 

Z93 

in^ 

S  W2  “ 

.175 

1  b'’ 

' 

Jy  = 

dA 

a 

8.33 

1  h 

to^siomal  stresses 


A.  T0R5I0KIAL  FUtJcTloMS 

USE  ‘^^/g.l3'=  S.op 


A-G6 


'^ogSiQMAL  LQ/ID  l;  M--  %  M  12.6 


USE  CA5E 


AT  supPoi^r : 

0  • 

] 

.  J 

= 

0 

0“. 

M  J 

r 

■  IE 

Z 

0’' 

L  M  J 

= 

0 

■■  0'  = 

0  • 

.  -1 

-1.0 

.■,  (P’"-- 

/AT  ZLCn.6")' 

0. 

— 

.HZ 

■  (j). 

0." 

[^] 

- 

-.2H 

li’ 

■■  0  = 
0’  = 

0'- 

L  M  J 

= 

•  30 

0- 

■6^1 
.  J 

:= 

-.10 

■  ■■■  f  ^ 

AT  Fpa  TA/O : 

0  • ! 

M(t  J 

=: 

.12 

■  0  = 

GJa  1 
'  M  J 

- 

0 

0"^ 

0’-( 

= 

.02 

0'^ 

0-[ 

Gjan 

J 

- 

.02 

ill' 

0 

B.  smss  calculations 
i)  Torsional  sthesses 

Zt=  Gt(p'  tF-- 


AT  surro^T:  Ztw  =  C  1/200 ^^sOC-Z^S ih)(o) 
Ttp  .  O/2O0  w/3(.32/0(oJ) 


0 

.  QO7%0 
0 

-.cwm 

.  I  }%!>> 
-.OOllHl 
.OO^^hO', 
-.00033! 

.H65)V 

0 

.000655 

.00000^'!^ 


.32  i  h  j  tt-^'.525 

'  0  1^51 

-  0  KSl 


A-67 


at  .11  ■ 


/ir  Fm  WO' 


2)  wai^piNg 


AT  suppozr: 

AT  .ZL  Ci2.^"): 


AT  fjCff  Em : 


Ttu-  C/J200  K^f)(.32G  hj(  .oomo)  “  35:78/ 

(  ll200i^5>)C.ZZj'>^)(.OOmo]  -  35.2V 

L  / 1200  Ks<)C. 327 i^)C.OOOGS5)  ^  ZZB^L'SJ 
TiF.'  C  1 1700  i^s>)C.  32  in)  C.  000^55)  -  Z  zn  l-s' 


hMMAL  srnssES 


d^s  ■-  t  (Vn  d' 


0 

1 

1 

r 

,  3 

n 

1 — 

(a! no  -- 


^  (2^000 KsOiz^SiodC-OoZ^c)  =  226.701:^^1 

d!^s2_  -  ( 25000 Ksiji  1.38 .G02^5oj  -  II3.o55  2ji' 

duiSQ  --  C2%00  KsOCz.OS  ih^X-.OoV^O  ^  -31.6%  K7 

=  C25000  KsyCl.Zri.di-.OOlZiij  -  -  ^5.663Ks: 

d'-JSQ  =  C28000  i^si)i2.6.Sihd(.  0  )  -  0  KS' 

d^s2  C75000}(v)Cl.3V,ud(o)  - 
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3)  WACPINO  SHEM  STKES5CS 


tF-  tij-  .Z2S''n 

Z~'  Sw  j  H(  _  ,,4 

ws=  (p  s<Aj,  =  s^i- yiS)^'^ 


/If  svFPofi'F: 

-.000172)  = 

20.S32 

- 

-^“ps‘‘’)(-,ooo.«3  = 

■-‘"*SSr^(-.oo.«2} . 

» 

7.370  K<;j 

/\T  .u  02.6'j; 

Tki\  - 

l^s; 

"^^2  = 

-C2^000  wii)C,ZS)y^'^).f  .  .  A 
- Oz^A - (-  0003JO  = 

/0.t,37  l<'>i 

%  ■ 

o* 

(1 

-“SSi!)'”“’'(-c»on!). 

S.li'-i  icV 

/IT  F/(t£  ffvo: 

r^;,  = 

-C2W|.X.:ir.'0(ooooo9Vv) 

--  -.4)1  K. 

Iw.  - 

=  -  .  7<)^  )«i 

7^3  = 

r.32s-.v^)  ^-OQOCjO^^y 

-  -  .  17  /  !<■:; 

I 
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HAMD-  CALCULATIONS 
FOR  PROBLEM  (A 


■BMM  SELfOTfO;  MC  18/^2 

EMO  coKJoirioMs:  Fixed -FREE 


/A  =  12,6  Ih^  Iv  =  /H.4  h/no  =  27.0  ^ 

J  -  /^  ivi  ^)c  -  6^'6  I'l-^  K^iz  “  10-^  1'’^ 

bp  =  3.^5  Sr  -  4.6?  ivi^  5(v.  ^  17.4  i*’''  E"  "  Z^oOo 

ti.=  .45  in  2i  --  1.23  Si^,,  ^  13.5  -  !/2oOk^- 

tp  =  .675  1^  Cw  -  352  5^3  =  6-76  I'n'^ 

Ix  =  55?  1''''^  a  -'  H2.'}>  ih 
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PLAkll  BtWihlQ  SW55E5  | 

/A.  LO^jgiTLlDiyAL  BENDM6  STRESSES 

AT  Support  ■  de,  ^  -  T.^SI  KSI 

I 

Ar.SiCPe-):  O'a  --  ’  623“/ 

At  Fm  fWD'  ■  de>  ^  0  «( 

6.  Maximum  w£B  si-ka^  stresses 

A1  5u??bi^'-  Zuj  -  C55H  r’'"X'‘^S'nJ  -  xr; 

/ir  .5t  r^6'0.-  ^  55V  f.'^X.VSiO  --  -.30V[  K5I 

ATF^iFtm:  Tu-~  '"'X/Css^  ihXCMS'rZj  --  '-,Co<6\ysi 

c.  hAX}MUM  FLAhJ&E  Sm^  5m55f5 

Zf- 

AT  support:  Zf--  /cSSv>^''0C-^2^y-Z  = 


AT  .SLC^^C''):  Tf--  -.1138 

/\r  fm  £MD:  Zp^  5SYi>»‘'X.625i’>J)  ~-22^Cm 


lOKSlOUAL  smssEs 


A.  T0^5IOKJ  ru/^JCTlOhJS 

USE  -/a  "  'V3"  --  V.5V 

0  TOI^SIOklAL  LO/ID  1  .'  .4^''%  o''  to  4^" 


U5E  CASE  1(9  a=. 5 


/]r5UPfon: 

0. 

1 

.  ni<j2  j 

r: 

0 

— 

0 

(?"• 

r^i 

L  J 

= 

U(^ 

■■■  0" 

- 

.  OQOOi^^lPo 

T; 

L 

1] 

c 

'  0 

,  0' 

r 

0 

0'" 

[^J 

= 

-Z25 

.'.  0" 

r 

“  1.5^h!x!0'^ 

/ir.5L  C^'O- 

0  ■ 

.ciH 

■■■  0 
.-.  0" 

(!)''• 

rv) 

= 

'-.Z& 

- 

-7. 

0'. 

.  ,v,  a  J 

=• 

.5 

:.  0' 

= 

•CC 05070^ 

a'" 

0  • 

J 

.25 

0" 

r 

;.7)gi 

/IT  F)?£E  EA/D; 

(i  •[ 

^  1 

= 

1.2 

.-.  0) 

- 

.0^234 

0"'[ 

] 

- 

0 

.-■  0" 

- 

0 

(j)'-[ 

02.2: 
rv,  a 

- 

J 

.'.  0' 

=: 

.OQOOGIH 

/•[ 

m 

- 

0 

■■.  0'" 

0 
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To^SlOhJM  LOAD  2-  Due  To  ECCEMTf^icirr  OF  coucBmATiD 

L0AD(P'-2^1)  CmJNEi 

CEhlTEF 

^0  -  fo  4  X  -  £o- 

-  /.Hilf  .^ll'i'n  -  '  F" 

1 

.'.  M'  P^o  =  (^2'")0i'-f|»;V'  AT  %"  C'.El) 


US£  CASF^,d-.5 


AT  Support: 


0 


=  .n 


'.  (!)  r  0 

;.  (J%  '5.SS73  >/0-^ 

.-.  0'  -  0 
.'.  0'"  =  1.4^2^  Mr 


.5L 


:.  0  ==  0/025 

;.  0''  =  2.52^1  .n/0'^ 

;.  0'  =  -f.oas  MC' 

;.  0'”^  ?.7577mO'‘ 


FlCff  f^/D.■ 


=  I.S6 
=  0 
-  .OS 
=  .OS 


.-.  (J  =  -.0/537 

:.  d)  --  0 

:.  (b’  ^  -2.  ;370n0- 
.’.  0'''  =  -I.  .I,v2 


3”)  T0K5I0I\JAL  LOAD  3  ■.  DUi  TO  ECaMWaT'^  OF  mcEMEEAEiD 

LOAD  f)  VIE00(^A  CHAaJ/iJEL 

iEM  Crm. 

Peo  ^  7.5C  I^w  -6—  aiifE'Ol) 


USE  CASE  9;a=i.o 


AE  suM-r  ■ 

0  • 

.  Ma 

■] 

^  0 

0 

Qi"* 

M 

• 

5a 

-  "  5.0 

.■.  0" = 

1.2630  >/0'^ 

®'' 

r^‘ 

M  - 

^  0 

0’ » 

0 

(S'- 

[M 
.  '  ^ 

• 

^  uo 

.-,  0'“  - 

-2.FISF  WO''., 

AT  .SlC<16")' 

(J  • 

'<E1' 

Mi  . 

M 

"  12S 

:.(b  = 

,02?25 

(J" 

,S.J 

=  X 

.-,  0"  = 

(}'.[ 

'(£2  ' 

1 

=  a 

•  ( 

•  0'  = 

•  q.?0^’A/0'^' 

rl"’ 

C5  ‘ 

'CTo^ 

'  tt"  , 

1 

i 

! 

=  -JO 

j  I'l 

0  = 

-  A/JW' 

AT  FRiEEMb: 

0  •  . 

al 

folt  J 

=  3.25 

-■^  0  = 

.OTO^S 

®'’'  . 

?r.' 

=  0 

.',  0"  = 

0 

0'’  , 

<s2 ' 

-  .n 

0’  ^ 

=  5-2  35?  ^.'0'“ 

0’"- 

GTtA 

=  '.OZ 

0'” 

:  -5.27/1  .v/O-'' 

4)  SUMMATlOAJ  OF  (1)  M  <t)  •d^'"  fO^  LOADS  l^Z^AND  5 

AT  SoEpoUt:  0-0 

0"  -  . 0000^^^56 
0'  "  0 

0'"  =  -  U'?33x/0'^ 
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/ir  .SL  C‘^6'') : 


/IT  rm  iMD : 


d)  -  mm 

Q"  =  -lSoil>io'^ 

(t)'  ■=-  .ooom 

"  2  3137?  X/A"' 

0  '  .12042 

r  =  0 

0^  =  .00  00  5^36/ 

0  =  -/.79/^  5,/o'f^ 


6.  STRESS  CALCDLAXiQl^S 

'  — "  ,  I  I  I 

0  Torsional  5HE/ir^  5mss^5 

Tt-  GhCj)  tf  1  .g25  45;!; 

/IT  ;  rtw  -  0  l200i^^i)(-1SinXo)  =  Q 

Ztf-.  (\\m  )^^>)C.c2^]Z)(^o)  r  Q  j.,, 

AT  SiC%'')'  Ti^  =  ( 11200  .000^^1 1)  “  S.433  jrs/ 

Tif  ^  Cll2O0i^0C.m''^}(.OOoai/)  r  4.7^^  jcTsi  ■ 

At  fm  fwo-.  Ttc.  ::  C  11200  MS  )h)  (  _QqoD563o)  '  Zjl;  .;rf/ 

TtF  -  C  II200  !<rsdCXlSi'')C.OOOO  S^'^l )  ■ 
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2)  WMPiNQ 


AT  SuFPo^ : 

Ar.5iC^i’): 


F/?ff  fa/d: 


3)  WAKPiMG 


/iT  S\jpPoi'\  : 


MOPhAL  STPPSSPS 

(Jus  -  2  (i>  l/ifr^O  -  72  hJrir  :  /Q-'^  in' 


0 

1 

2 

1 

3 

f - 

CJwo  ^  (3W^r/3(  23/h2)(.00OO4^50  -  2ilGS'>'^! 

dw2  =  Czmo i^si)i/O.H P^X.OOOo^i^sQ  --  I‘^,.0U2V 

dwo  =  (21000  KsiX22'i^^)i.-l>.SO77\i0'0  =  -2.23? 
dw2  =  C^WO  K^OOO.'/ihOl- 3. 5077.x /O'O  -  -l-OSV^si 

dwo  -  (2^000  >^j0( 22  ;»70(o)  -  0  )<rri 

5w^  =  (2^0QOKsdOoA-,>^^)(o)  z  o.'^s! 


SMf/i;!!  srp£S5ES 


r. 


ESt. 


wS 


rii 


If-  ^  i.^-.  MS 

Sc., .  I7A  /3.5ih"_,  ;2' 


r. 


r, 


WS- 


Yz^ooo  KSf  j07.H  /  N 

t  >/f)'M  =  !.3r 

C-/.5?S3x/0'0 


(".625 

^2^000  Ksi)CilSiyO 


to5-.h) 
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AT  .5L 


AT  mi  fwo: 


..\ 


^  _  -C2jmj<sd02:^r^ 

cwS|  "  C  jh)  \Z5/52^i/()  J-'-lSi  /f"?' 


'7'  ~  (2^006  trp)  C I  'i>' '  j  I  ^  ., , 

Lt«J52  =  C625  ih )  Vj^-^'32Sa/c  y  ~  ~.!^S 


Zu.,. 


;n75-;3 - 


"■ib]  lc%t 


C.^2Siii) 


"  U2S^O - 


/^'V'  .0/!  f^c; 
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APPENDIX  B 


TORSION  ANALYSIS  CASE  CHARTS 

from  Steel  Design  File,  Torsional 
Analysis  of  Rolled  Steel  Sections 

Bethlehem  Steel  Corporation,  Bethlehem,  PA  ' 

Copyright  1963 

Case  Chart  End  Conditions  Torsional  Load  Type  Load  Vocation 


Case  3  (a  =  .l) 

Pinned-Pinned 

Concentrated 

.IL  of  member 

Case  3  {CC  =  .3) 

Pi nned-Pi nned 

Concentrated 

. 3L  of  member  , 

Case  6  ((X.=  .5) 

Fi xed-Fi xed 

Concentrated 

.51  of  member 

Case  7 

F i xed-Fi xed 

Di str i buted 

Entire  length 

Case  9  (OC=.3) 

Fixed-Free 

Concentrated 

.3L  of  member 

Case  9  (CX=.5) 

F i xed-Free 

Concentrated 

.5L  of  member 

Case  9  ((X  =  -7) 

Fi xed-Free 

Concentrated 

.7L  of  member 

Case  9  (a=1.0) 

Fixed-Free 

Concentrated 

At  free  end 

Case  10  (C:(=.3] 

F i xed-Free 

Di str i buted 

From  0  to  .3L 

Case  10  (a  =  .5) 

Fixed-Free 

Di str i buted 

From  0  to  .5L 

Case  10  (OC  =  .7) 

Fi xed-Free 

Di stri buted 

From  0  to  . 7L 

Case  10  (CX.=  1.0) 

Fixed-Free 

Di stri buted 

Entire  length 

Case  12 

Fi xed-Pi nned 

Distributed 

Entire  Length 

I 
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Used  ill  Problem 


-lUJ 


CASE  10 


Case  I//J 

1  £<  =  0.3  il>,(t>" 

n 


CASE  10 


* 


APPENDIX  C 


"TORSION"  PROGRAM  INPUT  FILES 
AND  OUTPUT  PRINTOUTS 


Problem  No.  Beam  Selected  End  Conditions 


1 

W14X109 

Fi xed-Free 

2 

W14X109 

Pi  nned-Fi xed 

3 

W12x79 

Pinned-Pinned 

4 

W14x90 

Fixed-Fixed 

5 

W8xI5 

F i xed-Free 

6 

WlCx49 

F i xed-Free 

7 

W6xl5 

Fi xed-Free 

8 

W8x67 

F i xed-Free 

9 

C10x20 

Fi xed-Free 

10 

C12x30 

Fixed-Free 

11 

C5x9 

Fixed-free 

12 

MC18x42 

F i xed-Free 
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TORSION”  PROGRAM  INPUT  FILE 


Probi em: 
Beam  Selected; 
End  Conditions: 


1 

W14X109 

Fixed-Free 


•W-FLANGE'  'W1AX109' 

32.0  0.525  0.860 

14.32  14.605 

447.0  61.2 

1240.0  173.0 

7.12  29000.0  11200.0 

300.0 

3 

0.0  210.0  300.0 

10.0  5.0  0.0 

-102.5  0.0  -1050.0 

'FIX-FRE' 

2 

210.0  0.0  -5.0  0.0  50.0  0.0  0.0 

300.0  -10.0  0.0  0.0  0.0  0.0 

0.0  0.0  0.0 
0.0  0.0  0.0 
0.25  210.0 

'  Y' 
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INPUT  DATA 


PROBLEM  1 


HIDE  FLANGE  SECTION  Hl-fHOS 


AREA: 

32.0000 

THK:  .5250 

THE:  .3600 

lY: 

447,0000 

SY:  61.2000 

12:  1240.0000 

J: 

SW2: 

7.1200 

154.3216 

CH;  20224.6300 

E:  25000.0000 

HNl:  43.1458 

G;  11200.0000 

QY2: 

40.7461 

QY4:  34.3434 

QZ2:  22.3008 

LENGTH;  300.0000 


SECTIONS  WHERE  STRESSES  ARE  TO  BE  CHECKED 


LEFT  END  FORCES 


F](:  10.0000  FY:  5.0000  F2:  .0000 

NK:  -102.5000  riV:  .0000  hZ:  -1050.0000 

1,SE1  CF  APPLIED  CDNCENIPAYED  LOADS  ARE  AT  210.00  INCHES  FROM  LEFT  END 

FZ:  .0000  FY:  -5.0000  FZ;  .0000 

MZ:  50.0000  MY:  .0000  HZ:  .0000 

2  SET  OF  APPLIED  CONCENTRAIEO  LOADS  ARE  AT  300.00  INCHES  FROM  LEFT  END 

FZ:  -10.0000  FY:  .0000  FZ:  .0000 

HZ:  .0000  HY:  .0000  HZ:  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  Y-DIR 

NY:  ,0000  LAY:  .0000  LBY:  ,0000 

UNIFORM  LOAD  ON  MEMBER  IN  Z-DIR 

HZ:  .0000  LAZ:  .0000  LBZ:  .0000 

UNIFORMLY  DITRIBUTED  TORSIONAL  LOAD  IS 
HZ:  .2500.  LZ:  210.0000 

MEMBER  END  CONDITIONS  ARE  FIZ-FRE 
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OISrANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  hlAHINATlON  IS  .0000 


SPY  = 

-5.0000 

SFZ  = 

.0000 

SHY2  = 

-.1910 

SHY4  = 

-.7293 

SHZ2  = 

.0000 

BMY  = 

.0000 

BUZ  = 

1050.0000 

BSYl  = 

.0000 

eszi  = 

-6.0694 

ATSTR  = 

-.3125 

TORSION  MOMENT  =  50.0000  LOCATION  =  210.0'^00 

PHI=  .OOOOOE+00  PHI1=  .OOOOOE+00  PK12=  .67‘t39E-05  PHi3=  -.BSE'-ISE-O/ 

TOR.  SHR.  NEB  =  .000000  TOR.  SHR.  FLANGE  -  .000000 

HARP.  SHR.  STR.  =  .‘143S25’  HARP.  NOR.  SIR,  =  9.611619 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  .25000000  ENDING  AT  210.00000  FROM  LEFT  END 

PH1=  .OOOOOEtOO  PHI1=  .OOOOOE+00  PH!2=  .483I<lE-05  PHI3=  -.B9512E-07 

TOR.  SHR.  WEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

WARP.  SHR.  STR.  --  .465807  WARP.  NOR.  STR.  --  6.B85B23 

COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  =  .909432  WARP.  NOR.  STR.  -  16.497440 
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NORMAL  STRESSES  (KSl) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

-6.331864 

-16.497440 

-22.879310 

3 

-6.381864 

16.497440 

10.115580 

5 

5.756864 

16.497440 

22.254310 

7 

5.756864 

-16.497440 

-10.740580 

SHEAR 

STRESSES  (KSl) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

-.191045 

.909432 

.718307 

2R 

.191045 

.909432 

1.100477 

4L 

-.729258 

.000000 

-.729258 

4R 

-.729258 

.000000 

-.  729258 

6L 

.191045 

-.909432 

-.718387 

6R 

-.191045 

-.909432 

-1.100477 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

+Y 

I 

I 

I 

I 

1  2L  I  2R  3 

umnumnmun 

i 

X 

X 

X 

X 

X 

m . '(L-K  -)R 

X 

X 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 

5  61  6R  7 
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DISTANCE  FROH  LEFT  END  OF  MEMBEH  TO  SECTION  UNDER  EXAMINATION  IS  210,0000 


SPY  = 

-5.0000 

SFZ  = 

.0000 

SHY2  -• 

-.1910 

SHY4  = 

-./’293 

SHZ2  = 

.0000 

BMY  = 

.0000 

BMZ  = 

2100.0000 

8SY1  -- 

.0000 

BSZl  ^ 

-12.1387 

AXSTR=  -.3125 

TORSION  MOMENT  =  50.0000  LOCATION  =  210.0000 

PH1=  .62399E-01  PHI1=  .293‘fBE-03  PH!2=  -.267'!bE-05  FH:3=  -.ASSJ/E-O? 

TOR.  SHR,  NEB  =  1.725642  .  TOR.  SHfi.  FLANGE  ^  2.B2S7bb 

WARP.  SHR.  STR,  =  .235982'  WARP.  NOR.  STR.  =  -3.811879 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  .25000000  ENDING  AT  210.00000  FROM  LEFT 

PHI=  .27839E-01  PHI1--  .85B45E-04  PH12=  -.78235E-06  PHI3=  .U672E-07 

TOR.  SHR.  NEB  =  ,504769  TOR.  SHR.  FLANGE  =  .826859 

WARP.  SHR.  STR.  =  -.060738  WARP.  NOR.  STR.  =  -I. 115034 

COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  2.230411  TOR.  SHR.  FLANGE  -  3.653625 

WARP.  SHR.  STR.  =  .175244  WARP.  NOR.  STR.  =  -4.926913 
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NORMAL  STRESSES  (KSI) 


POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

-12.451230 

4.926913 

-7.524315 

3 

-12.451230 

-4.926913 

-17.373140 

5 

11.826230 

-4.926913 

6.899315 

7 

11.826230 

4.926913 

15.753140 

SHEAR 

STRESSES  (KS!) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

-.191045 

3.828870 

3.537825 

2R 

.191045 

3.828370 

4.019915 

4L 

-.729258 

-2.230411 

-2.959669 

■IR 

-.729258 

2.230411 

1.501152 

SL 

.191045 

-3.828370 

-^637625 

6fi 

-.191045 

-3.823870 

•4.0I99I5 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

I 

I 

I 

I 

1  21  !  2R  3 

UIUUUUUUUIU'H 
X 

V 
A 

V 
A 

X 

X 

X 

X 

+  1' . -IL-I  4R 

X 

X 

X 

V 
A 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 
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C-8 


OISrANCE  FROM  LEFf  END  OF  HEHOEfi  fO  SECIION  UNGER  EKAHINAFION  15  3OO.OC0O 


SPY  = 

.0000 

3FZ  = 

.0000 

SHY2  = 

.0000 

SHY4  - 

,0000 

SHZ2  = 

.  0000 

BMY  = 

.0000 

BMZ  = 

2100.0000 

BSYl  = 

.0000 

3SZI  = 

-12.1387 

AKSTR  =.  -.3125 

TORSION  MOMENT  =  50.0000  LOCATION  210.0000 

PHI=  .B2070E-01  FHI  1=  .18307E-C3  PfiI2=  .31209E-10  FKI3--  ,2'‘:B90E-07 

TOR.  SHR.  NEB  --  l.OTbAST  TOR.  SHR.  FLANGE  ^  1.763307 

NARP.  SHR.  STR.  =  -.129526  ’  WARP.  NOR.  SIR.  =  .OCOO-IA 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  ^  .25000000  ENDING  AT  210.00000  FROM  lEFT  EN 

PHI=  .33592E-01  PHil=  .53550E-04  PHI2=  .91291E-I1  PHI3--  .72BC7E-05 

TOR.  SHR.  WEB  =  .314371  TOR.  SHR.  FLANGE  =  .515789 

HARP.  SHR.  SIR.  =  -.037888  WARP.  NOS.  STR.  ^  .000013 

COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HEB  =  1.391308  TCR.  EUR.  FLANGE  =  2.279096 

HARP.  SHR.  STR,  =  -.1674  13  WARP.  NO.".  STR,  =  .000057 
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NORMAL  STRESSES  (KSl) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

-12.451230 

-.000057 

-12.451250 

3 

-12.451230 

.000057 

-12.451170 

5 

11.826230 

.000057 

11.826250 

; 

11.826230 

-.000057 

11.826170 

SHEAR 

STRESSES  (XSl) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000 

2.111682 

2.111682 

2R 

.000000 

2.111682 

2.111682 

4L 

.000000 

-1.351300 

-1.35130S 

4R 

.000000 

I. 35 1203 

1.351303 

bL 

.000000 

-2.111682 

-2.111682 

6R 

.000000 

-2.111682 

-2.111682 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

tY 

I 

I 


1  2L  I  2R  3 
nnuunuuumu 
T 
X 
X 
X 
X 

V 

A 

X 

fZ< . -IL-X  4R 

X 

X 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 
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TORSION"  PROGRAM  INPUT  FILE 


Probi em : 
Beam  Selected; 
End  Conditions: 


2 

W14X159 
Pi nned-Fi xed 


'W-FLANGE'  'W14X159' 

46.7  0.745  1.19 

14.98  15.565 

748.0  96.2 

1900.0  254.0 

19.8  29000.0  11200.0 

432.0 

3 

0.0  108.0  432.0 

0.0  7.59  0.0 

-54.0  0.0  0.0 

'PIN-FIX' 

1 

108.0  0.0  -12.0  0.0  0.0  0.0  0.0 
0.0  0.0  0.0 
0.0  0.0  0.0 
0.25 
'  Y' 
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INPUT  DATA 


PROBLEM  2 


HIDE  FLANGE  SECTION  WHX159 


AREA: 

4S.7000 

THW: 

.7450 

THF: 

1.1800 

lY: 

748.0000 

SY: 

9S.2000 

12:  1900.0000 

S2: 

254.0000 

ZD: 

15.5550 

J: 

SH2: 

18.8000 

248.4789 

CH: 

E: 

35555.8800 

28000.0000 

UNI: 

G: 

53.6603 

11200.0000 

QY2: 

SO. 7884 

aY4: 

142.436! 

Q22: 

35.3550 

LENGTH:  432.0000 

SECTIONS  HHERE  STRESSES  ARE  TO  BE  CHECKED 
.0000 
108.0000 
432.0000 
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LEFT  END  FORCES 

FX:  .0000  FY:  7.5S00  F2:  .0000 

MX:  -54.0000  MV:  .0000  HZ:  ,0000 

I  SET  OF  APPLIED  CONCENTRATED  LOADS  ARE  AT  108.00  .INCHES  FROM  LEFT  END 

FX:  .0000  FY:  -12.0000  FZ:  .0000 

HX:  .0000  MY:  .0000  HZ:  .0000 

UNIFORM  LOAD  OH  MEMBER  IN  Y-DIR. 

NY:  .0000  LAY:  .0000  LBY:  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  Z-DIR 

NZ:  .0000  LAZ:  .0000  LBZ:  .0000 

UNIFORMLY  OITRIBUTEQ  lORSIONAL  LOAD  IS 
NX:  .2500 

MEMBER  END  CONOITIONS  ARE  PIN-FIX 
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DISTANCE 

FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  EXAMINATION  IS 

.0000 

SFY  = 

-7:5300 

SFZ  = 

.0000 

SHY2  = 

-.2041 

SHY4  = 

-.7641 

SHZ2  = 

.0000 

BMY  = 

.0000 

BHZ  = 

.0000 

BSYl  -- 

.0000 

8SZ1  = 

.0000 

AYSTR  = 

,0000 

UNIFORHLY  DISrSIBUFED  TORSIONAL  MOMENT  =  .2500 

PHI=  .OOOOOE+00  Pflli=  .13633E-03  PH12=  .4277BE-13  Pin3=  -.16323E-07 


TOR.  SHR.  HER  =  1.137506 

WARP.  SHR.  STR.  =  .050842 


TOR.  SHR.- Flange  =  1.816956 

WARP.  NOR.  STR.  ^  .000000 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  1.137506  TOR.  SHR.  FLANGE  =  1.816556 

HARP.  SHR.  STR.  =  .098842  WARP.  NOR.  STR,  =  .000000 
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NORMAL  STRESSES  (KSl) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

.000000 

.000000 

3 

.000000 

.000000 

.000000 

5 

.000000 

.000000 

.000000 

7 

.000000 

.000000 

.000000 

SHEAR 

STRESSES  (XSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

-.204095 

1.915799 

1.711700 

2fi 

.204039 

1.915799 

2.119837 

4L 

-.764073 

-1.1375C6 

-1.901579 

4R 

-.764073 

1.137306 

.373433 

6L 

.204099 

-1.915799 

-1.711700 

6R 

-.204039 

-1.915799 

-2.119837 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


fY 

I 

I 

1 

I 

1  2L  1  2R  3 

uuummnmnn 

X 

X 

X 

X 

X 

X 

X 

tz< . — “iL-X  4R 

X 

X 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 
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OISrANCE  FROM  LFFr  END  OF  MEMBER  10  SECFION  UNDER  EltAMINAIION  IS  108.0000 


SFY  = 

.  -7..  5900 

SHY2  = 

-.2041 

SHZ2  = 

.0000 

BMY  = 

.0000 

BSYl  = 

.0000 

ATSTR  = 

.0000 

SF2  = 

.0000 

SHY4  - 

-.  7641 

BMZ  = 

819.7200 

BSIl  = 

-3.2272 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  .2500 

PHI=  .12334E-01  PHI1=  .77173E-04  PHI2=  -.86267E-06  Ph’13= 


TOR.  SHR.  WEB  = 
HARP.  SHR.  STR.  = 


.643327  TOR.  SHR.  FLANGE  =  1.028555 

.017318  HARP.  NOR.  STR.  =  '  -I.34243B 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HEB  =  .643927  TOR.  SHR.  FLANGE  =  1.028555 

HARP.  SHR.  STR.  =  .017318  WARP.  NOR.  STR.  =  -1.342438 


-.2B600E-08 


C-16 


NORMAL  STRESSES  (KSI) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

-3.227244 

I.34243B 

-1.884805 

3 

-3.227244 

-1.342438 

-4.569682 

5 

3.227244 

-1.342438 

.  1.684805 

7 

3.227244 

1.342438 

4,569682 

SHEAR 

STRESSES  (USD 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

-.204093 

1.045S74 

.841775 

2R 

.204093 

1.045874 

1.249372 

4L 

-.  764073 

-.643927 

-1.408001 

4R 

-.764073 

.643927 

-.120146 

SL 

.204033 

-1.045874 

-.841775 

6R 

-.204033 

-1.045874 

-1.249972 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

^Y 

1 

I 

I 

I 

I  2L  I  2R  3 

mmmnuuuun 

i 

i 

Y 

V 
A 

X 

X 

X 

+z< . 4L'X  ‘IR 

X 

X 

X 

X 

X 

X 

X 

XXXXXXXXXXXXXXXXXXXIX 
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DISTANCE  FROH  LEFT  END  OF  MEMBER  TO  SECIION  UNDER  EIAMINAIION  IS  ‘!32.0000 


SFY  = 

4.4100 

SF2  = 

.0000 

SHY2  = 

.1186 

SHY4  = 

.  4439 

SH22  = 

.0000 

BMY  = 

.0000 

BH2  = 

-609.1139 

BSYl  = 

.0000 

eszi  = 

2. 3981 

ATSTR  .0000 


UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  .2500 

PHI=  .72‘l07E-07  PHI1=  .10643E-11  Pi:i2=  .29064E-05  PHI3=  .59098E-07 

TOR.  SHR.  WEB  =  .000000  rOR,  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  =  -.357BS0  '  WARP.  NOR.  STR.  =  4.522B65 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  =  -.357860  WARP.  NOR.  SIR.  4.522865 
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NORMAL  STRESSES  (KSi) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

I 

2.398110 

-4.522865 

-2.124755 

3 

2.338110 

4.522865 

6.920975 

5 

-2.398110 

4.522365 

2,124755 

7 

-2.398110 

-4.522865 

-6.920975 

SHEAR 

STRESSES  (KSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.118587 

-.357860 

-.239273 

2R 

-.118587 

-.357860 

-.476447 

4L 

.443948 

.000000 

.443948 

4R 

.443948 

.000000 

.443943 

6L 

-.118587 

.357860 

.239273 

6R 

.118587 

.357860 

.476447 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


+Y 

I 

I 

I 

I 

1  2L  I  2R  3 

ummmmumn 

X 

X 

X 

Y 

A 

X 

X 

X 

+Z< . TL-X  TR 

X 

X 

X 

X 

X 

X 

X 

XXXXXXXXXXXXXXXXXXXIX 
5  6L  6R  7 


C-19 


TORSION"  PROGRAM  INPUT  FILE 


Probl em : 
Beam  Selected: 
End  Conditions: 


3 

Wl2x79 

Pi nned-Pi nned 


•W-FLANGE'  'W12x79' 

23.2  0.470  0.735 

12.38  12.08 

216.0  35.8 

662.0  107.0 

3.84  29000.0  11200.0 

360.0 

4 

0.0  36.0  252.0  360.0 

0.0  0.0  0.0 

-61.5  0.0  0.0 

'PIN-PIN' 

2 

36.0  0.0  0.0  0.0  60.0  0.0  0.0 

252.0  0.0  0.0  0.0  25.0  0.0  0.0 

0.0  0.0  0.0 
0.0  0.0  0.0 
0.0 
'Y> 


C-20 


INPUT  DATA 


PROBLEM  3 


WIDE  FLANGE  SECTION  W12X7'3 


AREA: 

23.2000 

THH: 

.4700 

THF: 

.7350 

lY: 

216.0000 

SY: 

35.8000 

17:  662.0000 

J: 

3.8400 

CW; 

7320.7550 

WNl: 

35.1679 

SW2: 

78.0622 

E: 

29000.0000 

, 

\J. 

11200.0000 

QY2: 

24.8427 

QY4: 

53.6857 

QI2: 

13.3667 

LENGTH;  3S0.0000 

SECTIONS  WHERE  STRESSES  ARE  TO  BE  CHECKED 
.0000 
36.0000 
2S2.0000 
360.0000 


C-21 


.0000  FZ:  .0000 

.0000  HZ:  .0000 

1  SEl  OF  APPLIED  CONCENTRAIED  LOADS  ARE  AT  3G.00  HOES  FRQH  LEFT  EM 

FZ:  .0000  FY:  .0000  FZ:  .0000 

HI:  60.0000  HY:  .0000  HZ:  .0000 

2  SET  OF  APPLIED  CONCENTRATED  LOADS  ARE  AT  252.00  INCHES  FROH  LEFT  END 

FI:  .0000  FY:  .0000  FZ:  .0000 

HI:  25.0000  HY:  .0000  HZ:  .0000 

UNIFORH  LOAD  ON  HEHBER  IN  Y-DIR 

WY:  .0000  LAY;  .0000  ISY:  '  .0000 

UNIFORH  LOAD  ON  HEHBER  IN  Z-DIR 

NZ:  .0000  LAZ:  .0000  L6Z:  .0000 

UNIFORHLY  DITRIB'JTED  TORSIONAL  LOAD  IS 
MI:  .0000. 

HEHBER  END  CONDITIONS  ARE  PIN-PIN 


LEFT  END  FORCES 

FI:  .0000  FY: 

HI:  -61.5000  HY: 


C-22 


DISTANCE  FROM  LEFT 

END  OF  MEMBER 

TO  SECTION  UNDER  EXAMINATION  IS 

.0000 

SFY  = 

.0000 

srz  = 

.0000 

SHY2  -- 
SHZ2  = 

.0000 
.  0000 

SHY4  - 

.0000 

BMY  = 

BSYl  = 

.  0000 
.0000 

PMZ  = 

BSZl  = 

.0000 

.0000 

ATSiR  = 

.0000 

TORSION  MOMENT  -  SC. 0000 

PHh  .OOOOOE+00  PHIh  . 

LOCATION  =  35.0000 

41989E-03  PHI2=  .OCOOOE+OO 

PH  1 3 

TOR.  SHR.  WEB  = 
WARP.  SHR.  STR.  = 

2.210288 

.521427 

TOR.  SHR.  FLANGE  3, 

WARP.  NOR.  STR.  = 

,456516 

,000000 

TORSION  MOMENT  =  25.0000 

PHI=  .OOOOOE+00  PHII=  . 

LOCATION  =  252.0000 

15803E-C3  PH!2=  .OOOOOE+00 

Pii!3 

[OR.  SHR.  WEB  =  .837155  TOR.  SHR.  FLANGE  =  !.308!b3 

WARP.  SHR.  SIR.  =  .008578  KARP.  NOR.  STR.  =  .COOOCO 


COMBINED  rOfiSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  3.C47‘(4‘1  TOR.  SHR.  FLANGE  =  4.765GG'( 

WARP.  SHR.  STR.  =  .531006  WARP.  NOR.  STR.  =  .000000 


0-23 


NORMAL  STRESSES  (KSl) 


POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COHDINED  STRESS 

1 

.000000 

.000000 

.000000 

3 

.000000 

.000000 

.000000 

5 

.000000 

.000000 

.000000 

7 

.000000 

.000000 

.000000 

SHEAR 

STRESSES  (KSI) 

POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COHfilNED  STRESS 

2L 

.000000 

5.2%b90 

5.296690 

2R 

.000000 

5.206600 

5.236690 

AL 

.000000 

-2.0'(7‘(‘14 

-3.047444 

■)R 

.000000 

3.047444 

3,047444 

6L 

.000000 

-5.206690 

-5.296690 

6R 

.000000 

•5. 206600 

-5.296690 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

fY 

I 

I 

T 

I 

1  21  I  2R  3 

xuuuuinnmnu 

x 

V 

A 

X 

X 

X 

X 

X 

*l< . -fl-X  4R 

X 

X 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 

5  6L  6R  7 
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DISFANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  EXAMINATION  IS  3G.OOOO 

SFY  =  .0000  SF2  =  .0000 

SHY2  --  .0000  SHY4  =  .0000 

SHZ2  =  .0000 

BMY  =  .0000 

BSYI  =  .0000 

AXSTR  =  .0000 


TORSION  MOMENT  --  bO.OOOO  LOCATION  --  3b. 0000 

PHI=  .  13782E-0I  PKIh  .3077bE-03  PHI2=  -.ESS-ieE-OS  FHI3=  -.I320IE-06 

TOR.  SHR.  WEB  =  1.620063  TOR.  SHR.  FLANGE  =  2.533512 

HARP.  SHR.  SIR.  =  .591386  WARP.  NOR.  STR.  =  -6.491257 


TORSION  MOMENT  =  25.0000  LOCATION  =  252.0000 

PHI=  .57007E-02  PHI1=  .15597E-03  PIII2=  -.l!G92E-0b  Ph'!3=  -.35273E-CS 

TOR.  SHR.  WEB  =  .326313  TOR.  SHR.  FLANGE  =  1.232212 

HARP.  SHR.  STR.  =  .010864  WARP.  NOR.  STR.  =  -.119248 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HEB  =  2.446382  TOR.  SHR.  FLANGE  =  3.825725 

WARP.  SHR.  STR.  --  .602250  WARP.  NOR.  STR.  =  -6.610505 


BMZ  =  .0000 

BSZ!  =  .0000 


C-25 


NORMAL  STRESSES  (KSI) 


POINT 

HITHOUT  TORSION 

TORSION  ONLY 

1 

.000000 

6.610505 

3 

.000000 

-6.610505 

5 

.000000 

-6.610505 

7 

.000000 

6.610505 

SHEAR 

STRESSES  ir.il) 

POINT 

HITHOUT  TORSION 

TORSION  ONLY 

2L 

.000000 

4.427375 

2R 

.000000 

4.427975 

4L 

.000000 

-2.446382. 

4R 

.000000 

2.446382 

6L 

.000000 

-4.427375 

6R 

.000000 

-4.427975 

POINT 

LOCATIONS  OF  COMPUTED  STRESSES 

tY 

I 

I 

1 

I 

1  2L  I  2R  3 

mummxumuu 

X 

X 

X 

X 

X 

X 

X 

+Z< . 'tL-X  '(R 

X 

X 

X 

X 

X 

X 

X 

XXXXIXXXXXXXXXXXXXXXX 

5  SL  6R  7 


COMBINED  STRESS 

6.610505 

-6.6105C5 

-6.610505 

6.610505 

COMBINED  STRESS 

‘1.427975 

4.427975 

-2.446332 

2.446382 

-4.427375 

-4.427375 


C-26 


DISTANCE  PROM  LEFT  END  OF  MEMBER 

TO  SECTION  UNDER  EXAMINATION  IS 

252.0000 

SFY  =  .  .  .0000 

SFZ  = 

.0000 

SHY2  =  .0000 

SHZ2  =  .0000 

SHY4  = 

.0000 

BHY  =  .0000 

8SY1  =  .0000 

BMZ  = 

BSZl  = 

.0000 

.0000 

AXSTR  =  .0000 

TORSION  MOMENT  =  60,0000  LOCATION  =  36,0000 

PH1=  .13682E-01  PHI1=  -.1I7S0E-O3  PHI2=  -.2B060E-06 

PHI3=  .43B08E-C8 

TOR.  SHR.  WEB  =  -.620541 

WARP.  SHR.  STR.  =  -.013493 

TOR.  SHR.  FLANGE  = 

WARP.  NOR.  STR.  = 

-.37042! 

-.286171 

TORSION  MOMENT  =  25.0000  LOCATION  =  252.0000 

PHI=  .24483E-01  PH!1=  -.10305E-03  PHI2=  -.39427E-05 

PHI3=  -.55203E-07 

TOR.  SHR.  NEC  =  -.542465 

HARP.  SHR.  STR.  =  .173106 

TOR.  SHR.  FLANGE  = 

HARP.  NOR.  STR.  = 

-.848323 

■4.021075 

C0H8INE0  rORSIONAL  INDUCED  STRESSES 

TOR.  SHR,  HEB  =  -1.163006 

WARP.  SHR.  STR.  =  .15S613 


TOR.  SHR.  FLANGE  =  -1.B1B7‘13 

WARP,  nor;  STR,  =  -1.3072'16 


C-27 


NORMAL  STRESSES  (KSI) 


POINT 

HITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

4.307246 

4.307246 

3 

.000000 

-4.307246 

-4.307246 

5 

.000000 

-4.307246 

-4.307246 

7 

.000000 

4.307246 

4.307246 

SHEAR 

STRESSES  (XSI) 

POINT 

HITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000 

-1.659130 

-1.659130 

2R 

.000000 

-1.659130 

-1.659130 

AL 

.000000 

1.163006 

1.163006 

4R 

.000000 

-1.163006 

-1.163006 

6L 

.000000 

1.659130 

1.659130 

6R 

.000000 

1.659130 

1.659130 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

♦■Y 

I 

t 

I 

I 

1  2L  I  2R  3 

ummmnmmu 

X 

X 

X 

X 

X 

X 

X 

+z< . -fl-X  -Ifi 

X 

X 

X 

X 

X 

X 

X 

XXXXXXXXXXXXXXXXXXXIX 
5  6L  6R  7 


C-28 


DISTANCE  FROM  LEFT  END  OF  HEH8ER  TO  SECTION  UNDER  EXAMINATION  IS  360.0000 


SFY  -- 

.0000 

SFZ  = 

.0000 

SHY2  = 

.0000 

SHY4  = 

.0000 

SHZ2  = 

.0000 

BMY  = 

.0000 

BHZ  = 

.0000 

BSYl  = 

.0000 

BSZl  -- 

.0000 

AXSTR  = 

.0000 

TORSION  MOMENT  =  bO.OOOO  LOCATION  --  36.0000 

PH1=  .50615E-07  PHIl^  -.13062E-03  PH12^  .123i5E-10  PHI3--  .lE002E-0e 

TOR.  SHR.  WEB  =  -.6875'38  TOR.  SHR,  FLANGE  =  -1.075287 

WARP.  SHR.  STR.  =  -.0055'1-i  HARP,  NOR.  STR.  =  .000013 


TORSION  MOMENT  =  25.0000  LOCATION  =  252.0000 

PH1=  .35712E-07  PHII=  -,2B206E-03  PH12=  .71<!-i'IE-ll  PH13=  .25290E-07 

TOR.  SHR.  WES  -*  -l.ASATSS  TOR.  SHR,  FLANGE  =  -2.321324 

WARP.  SHR.  STR.  =  -.077834  WARP.  NOR.  STR.  =  .000007 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  -2.172366  TOR.  SHR.  FLANGE  =  -3.357211 

HARP.  SHR.  STR.  -'  -.083438  WARP,  NOR.  STR,  --  .000020 


C-29 


NORMAL  STRESSES  (KSl) 


POINT 

HITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

-.000020 

-.000020 

3 

.000000 

.000020 

,000020 

5 

.000000 

.000020 

.000020 

7 

.000000 

-.000020 

-.000020 

SHEAR 

STRESSES  (KSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000 

-3.480649 

-3.480649 

2R 

.000000 

-3.480649 

-3.480649 

-IL 

.000000 

2.172366 

2.172366 

4R 

.000000 

-2.172366 

-2.172366 

6L 

.000000 

3.480649 

3.480649 

6R 

.000000 

3.480649 

3,480649 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

+Y 

I 

I 

I 

I 

1  2L  I  2R  3 

nmnmmunun 

X 

X 

X 

X 

X 

X 

X 

H< . <IL-X  4R 

X 

X 

X 

X 

X 

X 

X 

XXXXXXXXXXXXXXXXXXXIX 
5  6L  6R  7 


C-30 


"TORSION"  PROGRAM  INPUT  FILE 


Problem:  A 

Beam  Selected:  W14x90 
End  Conditions;  Fixed-Fixed 


•W-FLANGE’  WHxOO' 

26.5  0.440  0.710 

14.02  14.52 

362.0  49.9 

999.0  143.0 

4.06  29000.0  11200.0 

480.0 

3 

0.0  240.0  480.0 

0.0  12.0  0.0 

-97.0  0.0  -960.0 

'FIX-FIX' 

1 

240.0  0.0  0.0  0.0  50.0  0.0  0.0 

-0.05  0.0  480.0 

0.0  0.0  0.0 
0.3 
'Y' 


C-31 


INPUT  DATA  ^ 

WIDE  FLANGE  SECTION  WHrTO 


AREA: 

2S.5000 

THW: 

.4400 

lY: 

362.0000 

SY: 

45.8000 

J: 

4.0S00 

CW: 

16043,6500 

SH2: 

124.5230 

E: 

29000,0000 

QY2: 

33.2644 

QY4: 

77.3395 

LENGTH: 

480.0000 

SECTIONS  NHERE  STRESSES  ARE  TO  BE  CHECKED 
.0000 
240.0000 
480.0000 


THF:  .7100 

SOO.OOOO  SZ:  143.0000  ZO: 

KNl:  48,3153 

G:  11200.0000 

Q22:  18. £540 


14.5200 
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LEFT  END  FORCES 

FX:  .0000  FY:  12.0000  FZ;  .0000 

MX:  -97.0000  HY:  .0000  HZ:  -960.0000 

-  1  SET  OF  APPLIED  CONCENTRATED  LOADS  ARE  AT  2-... .0  INCHES  FROH  LEFT  END 

FX:  .0000  FY:  .0000  FZ:  .0000 

HX:  50.0000  HY:  .0000  HZ:  .0000 

UNIFORH  LOAD  ON  HEHBER  IN  Y-OIR 

HY:  -.0500  LAY:  .0000  LBY:  ■190.0000 

UNIFORK  LOAD  ON  HEHBER  IN  Z-DIR 

HZ:  .0000  LAZ:  .0000  LBZ:  .0000 

UNIFORHLY  OITRIBUTEO  TORSIONAL  LOAD  IS 
HX:  .3000 

HEHBER  END  CONDITIONS  ARE  FIX-FIX 


C-33 


DISTANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  EXAMINATION  IS  .0000 


SFY  = 

•  -12.0000 

SFZ  = 

.0000 

SHY2  -- 

-.5628 

SHY4  = 

-2.1114 

SHZ2  = 

.0000 

BMY  = 

.0000 

BMZ  = 

960. 0000 

BSYl  = 

.0000 

8SZ1  - 

-6.7133 

AXSTR  = 

.0000 

TORSION  MOMENT  =  50.0000  LOCATION  =  2-10.0000 

PHI=  .OOOOOE+OO  PHIh  .OOOOOE+00  PHI2=  .450B2E-05  PHI3=  -.53733E-07 

TOR.  SHR.  WEB  --  .000000  TOR.  SHR.  FLANGE  =  .000000 

WARP.  SHR.  STR.  =  .273293  WARP.  NOR.  SIR.  =  S.31G594 


UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  .3000 

PHI=  .OOOOOE+00  PHII=  .OOOOOE+00  PHI2--  .S3305E-05  PHI3--  -.i5-175E-0b 

TOR.  SHR.  WEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  SIR.  =  .787083  WARP.  NOR.  STR.  =  13.073370 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  =  1.06037G  WARP.  NOR.  STR.  =  19.389970 
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NORHAL  STRESSES  (KSI) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COHDINED  STRESS 

1 

-6.713287 

-19.385570 

-26.103250 

3 

-6.713287 

19.389970 

12.676680 

5 

6.713287 

19.389970 

26.103250 

7 

6.713287 

-19.389970 

-12.676680 

SHEAR 

STRESSES  (XSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

-.562777 

1.060376 

.•157595 

2R 

.562777 

1.060376 

1.623154 

4L 

'2.111371 

.000000 

-2.111371 

4R 

-2.111371 

.000000 

-2.111371 

6L 

.562777 

-1.060376 

-.457559 

SR 

-.562777 

-1.060376 

-1.623154 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


tY 

I 

I 

I 

I 

1  2L  I  2R  3 

mimmmmum 

T 

X 

X 

X 

X 

X 

X 

. -IL-I  -IR 

X 

X 

X 

X 

X 

X 

X 

XXXXIXXXXXXXXXXXXXXXX 

5  6L  6R  7 


C-35 


OISfANCE  fRON  LEfF  END  OF  MEMBER  TO  SECTION  UNDER  EKAMINATION  IS  240,0000 


SPY  = 

'  .0000 

SF2  = 

.0000 

SHY2  = 

,0000 

SHY4  = 

.0000 

SH72  = 

.0000 

BMY  = 

.0000 

BMZ  = 

2400.0000 

BSYl  = 

.0000 

BSZl  = 

-16.7832 

AISTR  = 

.0000 

TORSION  MOMENT  =  50.0000  LOCATION  ^  240.0000 

PHI=  .39S95E-01  PHI1=  .29067E-08  PHI2=  -.45081E-05  PHI3=  -.53732E'07 

TOR.  SHR.  WEB  --  .000014  TOR.  SHR.  FLANGE  =  .000023 

HARP.  SHR.  STR.  =  .273291  WARP.  NOR.  STR.  ::  -G. 316549 


UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  ,3000 

PHI=  .571G1E-01  PHI!=  -.14459E-09  PHI2=  -.36530E-05  PHI3=  -. 15047E-13 

TOR.  SHR.  WEB  -*  -.000001  TOR.  SHR.  FLANGE  =  -.000001 

HARP.  SHR.  STR.  =  .000000  WARP.  NOR.  STR.  =  -5.118407 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  .000014  TOR.  SHR.  FLANGE  =  .000022 

WARP.  SHR,  STR.  =  .273292  WARP.  NCR,  STR.  r  -11.434560 
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NORMAL  STRESSES  (KSl) 


POINT 

WITHOUT  TORSION 

TQftSiON  ONLY 

COMBINED  STRESS 

1 

-16.783220 

11.434960 

-5.348261 

3 

-16.753220 

-11.434960 

-28.210170 

5 

16.783220 

-11.434960 

5.348261 

7 

16.783220 

11.434960 

28.2181/0 

SHEAR 

STRESSES  (KSl) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000  , 

.273313 

.273313 

2R 

.000000 

.273313 

.2/3313 

4L 

.000000 

-.000014 

-.000014 

4R 

.000000 

.000014 

.000014 

6L 

.000000 

-.273313 

-.273313 

SR 

.000000 

-.273313 

-.273313 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


I 

I 

I 

I 

1  2L  I  2R  3 

munnmumnn 

X 

V 

A 

X 

X 

X 

X 

X 

. 4L-X  <IR 

X 

X 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 

5  6L  6R  7 


C-37 


DISTANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  EIAHIHATION  IS  ‘180.0000 


SFY  : 

12.0000 

SF2  : 

.0000 

SHY2  : 

SH22  : 

.5620 

.0000 

SHY'l  : 

Z-llH 

BMY  = 

8SYI  : 

.0000 

.0000 

BM2  : 

BS21  -- 

960.0000 

-6.7133 

AISTR  : 

.0000 

TORSION  MOMENT  =  50.0000  LOCATION  =  2'IO.COOO 

PHI:  .28276E-05  PHlh  -.67223E-09  P1II2:  .‘IjOQ‘IE-05  PHI]:  .53733E-07 

TOR.  SHR.  WEB  =  -.000003  TOR.  SHR.  FLANGE  =  -.000005 

WARP.  SHR.  SIR.  :  -.273292  HARP.  NOR.  STR.  -  6.316973 


UNIFORMLY  OISTRIBUTEO  TORSIONAL  MOMEIII  =  ,3000 

PHI:  -.101G5E-05  PHI!:  -.16137E-0S  .PIII2=  .9330‘l£-05  PHI3:  .IS-lTSE-OS 

TOR.  SHR.  WEB  =  -.000008  TOR,  SHR.  FLANGE  =  -.000013 

WARP.  SHR.  STR.  :  -.787083  WARP.  NOR.  STR.  :  13.073230 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  :  -.000011  10R.  SHR.  FLANGE  :  -.000018 

WARP.  SHR.  STR.  --  -1,060375  WARP.  NOR.  STR,  :  19.390200 


C-38 


NORMAL  STRESSES  (KSI) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

-6.7132B7 

-19.350200 

-26.103490 

3 

-6.713287 

19.390200 

12.676920 

5 

6.713287 

19.390200 

26.103490 

7 

6.713287 

-19.390200 

-12.676920 

SHEAR 

STRESSES  (XSl) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.562777 

-1.060393 

-.  497616 

2R 

-.562777 

-1.060393 

-1.623170 

4L 

2.111371 

.000011 

2.111382 

■IR 

2.111371 

-.000011 

2.111360 

61 

-.562777 

1.060393  ■ 

.497616 

6R 

.562777 

1.060393 

1.623170 

POINT  LOCATIONS  OF  CONFUTED  STRESSES 


ty 

I 

I 

1 

I 

1  2L  I  2R  3 

mmuunmnnu 

n 

i 

X 

X 

X 

X 

X 

+z< . -IL-X  4R 

X 

X 

X 

X 

X 

X 

X 

nnmmunnmn 

5  6L  6R  7 


C-39 


"TORSION"  PROGRAM  INPUT  FILE 


Probi em: 
Beam  Selected: 
End  Conditions: 


5 

W8xl5 

Fi xed-Free 


'W-FLANGE'  'W8xl5' 

4.A4  0.245  0.315 

8.11  4.015 

3.41  1.7 

48.0  11.8 

0.136  29000.0  11200.0 

60.0 
3 

0.0  18.0  60.0 
0.0  5.0  0.0 

-30.0  0.0  -150.0 

'FIX-FRE' 

1 

18.0  0.0  0.0  0.0  30.0  0.0  0.0 

-0.0833  0.0  60.0 

0.0  0.0  0.0 
0.0  0.0 
'  Y' 


INPUT  DATA  problem  5 


HIDE  FLANGE  SECTION  K8X15 


AREA: 

4.4400 

THW: 

.2450 

THF: 

.3150 

lY: 

3.4100 

SY: 

1.7000 

IZ:  48.0000 

SZ: 

11.8000 

ZO: 

4.0150 

J: 

SH2: 

.1360 

2.473S 

CH: 

E: 

51.6164 

29000.0000 

HNi: 

6: 

7.8242 

11200.0000 

QY2: 

2.3142 

0Y4: 

6.6427 

022: 

.6324 

LENGTH:  60,0000 

SECTIONS  HHERE  STRESSES  ARE  TO  BE  CHECKED 
.0000 
18.0000 
60.0000 


C-41 


LEFT  END  FORCES 


FT:  .0000  FY:  5.0000  FI;  .0000 

NT:  -30.0000  MY:  .0000  HZ:  -150.0000 

1  SET  OF  APPLIED  CONCENTRATED  LOADS  ARE  AT  18,00  INCHES  FROM  LEFT  END 

FT:  ,0000  FY;  ,0000  FZ:  .0000 

MT:  30.0000  MY:  .0000  HZ;  ,0000 

UNIFORM  LOAD  ON  MEMBER  IN  Y-DIR 

NY:  -.0833  LAY:  .0000  LBY:  60.0000 

UNIFORM  LOAD  ON  MEMBER  IN  Z-DIR 

WZ:  .0000  LAZ:  .0000  L8Z:  .0000 

UNIFORMLY  DITRIBUTED  TORSIONAL  LOAD  IS 
NT:  .0000  LT:  .0000 

MEMBER  END  CONDITIONS  ARE  FIT-FRE 


C-42 


DISTANCE  FROM  LEFT  END  OF  HEHBER  TO  SECTION  UNDER  ETAHINATION  IS  .0000 


SFY  -- 

-5.0000 

SFZ  = 

,0000 

SHY2  = 

-.7653 

SHY4  = 

-2.8243 

SHZ2  -- 

.0000 

BHY  = 

.0000 

BM2  = 

150,0000 

flSYI  = 

.0000 

BSZl  = 

-12.7119 

AKSTR  = 

.0000 

TORSION  HOHENT  =  30.0000  LOCATION  =  18.0000 

PHI=  .OOOOOE+00  PHI1=  .OOOOOE+00  PHI2=  .27899E-03  PH13=  -.20042E-04 

TOR.  SHR.  NEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  =  4.584575  HARP.  NOR.  STR.  =  83.303330 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  =  4.564575  WARP,  NOR.  STR.  =  63.303330 


C-43 


NORMAL  STRESSES  (KSI) 


POINT 

HITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

-12.711060 

-63.303330 

-76,015200 

3 

-12.711860 

63.303330 

50.591470 

5 

12.711860 

63.303330 

76.015200 

7 

12.711860 

-63.303330 

-50.591470 

SHEAR 

STRESSES  (XSl) 

POINT 

HITHOUT  TORSION 

TORSION  ONLY 

COHBINED  STRESS 

2L 

-.765290 

4.564575 

3.799284 

2R 

.765290 

4.564575 

5.329865 

4L 

-2.824297 

.000000 

-2.824297 

4R 

-2.824297 

.000000 

-2.824297 

6L 

.765290 

-4.564575  . 

-3.799284 

6R 

-.765290 

-4.564575 

-5.329865 

POINT  LOCATIONS  OF  CONFUTED  STRESSES 


fY 

1 

I 

1 

I 

1  2L  1  2R  3 

uuuuuummm 

X 

X 

X 

X 

X 

X 

X 

. ■iL-X  4R 

X 

X 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 

5  6L  6R  7 


C-A4 


DISTANCE  FROM  LEFT  END  OF  HEH8ER  TO  SECTION  UNDER  ETAHINATION  IS  18.0000 


SFY  = 

-3.5001  • 

SFZ  = 

.0000 

SHY2  = 

-.5357 

SHY4  = 

-1.9770 

SHZ2  = 

.0000 

BMY  = 

.0000 

BMZ  = 

228.5005 

8SY1  = 

.0000 

BSZl  = 

-19.1950 

ATSTR  = 

.0000 

TORSION  MOMENT  =  30.0000  LOCATION  =  18.0000 

PHI=  .26G47E-01  PHI1=  .18654E-02  PHI2--  -.54646E-04  PH13=  -.1B042E-04 


TOR.  SHR.  NEB  =  5.393003 

HARP.  SHR.  STR.  =  4.109081 


TOR.  SHR.  FLANGE  =  8.933881 

WARP.  NOR.  STR.  =  -12.399340 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HEB  =  5.393003 

HARP.  SHR.  STR.  =  4.109081 


TOR.  SHR.  FLANGE  =  8.933881 

HARP.  NOR.  STR.  =  -12.399340 


C-45 


NORHAL  STRESSES  (KSI) 


POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

-19.194960 

12.399340 

-6.795623 

3 

-19.194960 

-12.399340 

-31.594300 

5 

19.194960 

-12.399340' 

6.795623 

7 

19.194960 

12.399340 

31.594300 

SHEAR 

STRESSES  (XSl) 

POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

-.535712 

11.042940 

10.507230 

2R 

.535712 

11.042940 

11.578650 

4L 

-1.977042 

-5.393003 

-7.370045 

4R 

-1.977042 

5.393003 

3.415961 

6L 

.535712 

-11.042940 

-10.507230 

6R 

-.535712 

-11.042940 

-11.578650 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

tY 

I 

I 

1 

I 

1  2L  I  2R  3 

mmmummnu 

i 

i 

X 

X 

X 

X 

X 

fZ< . 4L-X  4R 

X 

X 

X 

X 

X 

X 

X 

IXXXXXXXXXXXXXXXXXXXX 
5  6L  6R  7 


C-46 


OISFANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  EXAMINATION  IS  bO.OOOO 


SPY  = 

-.0002 

SF2  = 

.0000 

SHY2  = 

.0000 

SHY4  ^ 

-.0001 

SHZ2  = 

.0000 

BHY  = 

.0000 

BMZ  = 

300.0060 

BSYl  = 

.0000 

BSZl  =' 

-25.4242 

AXSTR  = 

.0000 

TORSION  MOMENT 

=  30.0000 

LOCATION  --  18.0000 

PH1=  .80349E-01  PHI1=  .9G339E-03  PHI2=  .63497E-n  PH13= 


TOR.  SHR.  WEB  =  2.643553 

HARP.  SHR.  STR.  =  -.223275 


TOR.  SHR.  FLANGE  --  3.398853 

WARP.  NOR.  STR.  -  .000001 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  NEB  =  2.643553 

HARP.  SHR.  STR.  =  -.223275 


TOR.  SHR.  FLANGE  =  3.398853 

WARP.  NOR.  STR.  =  .000001 


.9B034E-0G 


C-47 


NORHAl  STRESSES  (KSI) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

-25.424230 

-.000001 

-25.424240 

3 

-25.424230 

.000001 

-25.424230 

5 

25.424230 

.000001 

25.424240 

7 

25.424230 

-.000001 

25.424230 

SHEAR 

STRESSES  (KSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

-.000031 

3.175578 

3.175548 

2R 

.000031 

3.  175578 

3.175609 

4L 

-.000113 

-2.643553 

-2.643666 

4R 

-.000113 

2.643553 

2.643440 

SL 

.000031 

-3.175578 

-3.175548 

6R 

-.000031 

-3.175578 

-3.175609 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


n 

1 

I 

I 

I 

1  2L  I  2R  3 

ummuuuuum 

X 

X 

X 

X 

X 

X 

X 

+Z< . -IL-lt  4R 

X 

X 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 

5  6L  6R  7 


C-48 


TORSION"  PROGRAM  INPUT  FILE 


Probl  etn: 
Beam  Selected: 
End  Conditions: 


6 

W10x49 
Fi xed-Free 


'W-FLANGE'  'W10xA9' 

14.4  0.34  0.56 

9.98  10.0 

93.4  18.7 

272.0  54.6 

1.38  29000.0  11200.0 

192.0 

3 

0.0  96.0  192.0 

0.0  -2.0  0.0 

-38.4  0.0  576.0 

'FIX-FRE' 

2 

96.0  0.0  -2.0  0.0  0.0  0.0  0.0 
192.0  0.0  4.0  0,0  0.0  0.0  0.0 
0.0  0.0  0.0 
0.0  0,0  0.0 
0.4  96.0 

'  Y' 


C-A9 


INPUr  DATA 


PROBLEM  6 


HIDE  FLANGE  SECTION  WIOTAS 


AREA; 

14.4000 

THW: 

.3400 

THf: 

.5600 

lY: 

93.4000 

SY: 

18.7000 

12:  272.0000 

J: 

1.3800 

CW: 

2070.5160 

WNl: 

23,5500 

SH2: 

32.9700 

E: 

29000.0000 

G: 

11200.0000 

QY2: 

12.7396 

QY4; 

29.7122 

QZ2: 

6.9919 

LENGTH:  192.0000 

SECTIONS  WHERE  STRESSES  ARE  TO  BE  CHECKED 


Ltfr  £N0  FORCES 

F)(:  .0000  FY:  -2.0000  FI:  .0000 

M:  -33.4000  «Y:  .0000  fiZ:  576.0000 

1  SET  OF  APPLIED  CONCENTRATED  LOADS  ARE  AT  '  96.00  INCHES  FRDH  LEFT  END 

FT:  .0000  FY:  -2.0000  FZ:  ,0000 

NT:  .0000  HY:  .0000  HZ:  .0000 

2  SET  OF  APPLIED  CONCENTRATED  LOADS  ARE  AT  192.00  INCHES  FRQH  LEFT  END 

FI:  .0000  FY:  4.0000  FZ:  .0000 

MI:  .0000  HY;  ,  .0000  HZ;  ,0000 

UNIFORM  LOAD  ON  MEMBER  IN  Y-DIR 

NY:  .0000  LAY;  .0000  L8Y;  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  Z-DIR 

NI:  .0000  LAZ:  .0000  LBZ:  .0000 

UNIFORMLY  DITRIBUTED  TORSIONAL  LOAD  IS 
NI:  .4000  LI:  96.0000 

MEMBER  END  CONDITIONS  ARE  FII-FRE 


C-51 


OISTAKCE  FROH  LEFT  END  OF  HEKBER  TO  SECTION  UNDER  EXAHINATION  IS 


.0000 


SFY.  = 

2.0000 

SHY2  = 

.1673 

SHZ2  = 

.0000 

BMY  = 

.0000 

BSYl  = 

.0000 

ALSTR  = 

.0000 

SF2  = 

.0000 

SHY4  = 

.6426 

BM2  = 

-576.0000 

8S21  = 

10.5435 

UNIFORMLY  DISTRIBUTED  TORSIOilAL  MOMENT  =  , 40000000  ENDING  AT  5S. 00000  FROM  LEFT  END 


PHI--  .OOOOOE^OO 


PHI1=  .OOOOOE+OO  PHr2^  .19S02E-04  PHI3=  -.S3952E-06 


TOR.  SHR.  NEB  =  ’  .000000 

HARP.  SHR.  STR.  =  1.031902 


TOR.  SHR.  FLANGE  =  .000000 

WARP.  NOR.  STR.  =  13.387470 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  -*  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  =  1.091902  WARP.  NOR.  STR.  =  13.387470 


C-52 


NOfiHAL  SrfiESSES  OCSI) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

10.54'9A50 

-13.387470 

-2.838023 

3 

10.549450 

13.387470 

23.936920 

5 

-10.549450 

13.387470 

2.838023 

7 

-10.549450 

-13.387470 

-23,936920 

SHEAR 

STRESSES  (XSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.167274 

1.091902 

1.259176 

2R 

-.  167274 

1.091902 

.924628 

4L 

.642566 

.000000 

.642566 

AR 

.642566 

.000000 

.  .642566 

6L 

-.167274 

-1.091902 

-1.259176 

6R 

.  167274 

-1.091902 

-.924628 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


tY 

1 

I 

I 

I 

I  2L  I  2R  3 

uuuuuummm 

T 

I 

I 

X 

X 

X 

X 

n< . “IL-X  4R 

X 

X 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 

5  6L  6R  7 


C-53 


DISTANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION 

UNDER  ETAMINATION  IS 

96.0000 

SFY  = 

2.0000 

SFZ  -- 

,0000 

SHY2  = 

SHZ2  = 

.1673 

.0000 

SHY4  = 

,6426 

BMY  ^ 

BSYI  = 

.0000 

.0000 

BHZ  = 

BSZl  = 

-768.0000 

14.0659 

AKSTR  = 

.0000 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  .40000000  ENDING  AT  96.00000  FROM  LEFT  END 


PHI--  .29039E-01  PHI1  =  .24734E-03  PHI2=  -.36197E-05  PHI3=  .636676-07 


TOR.  SHR.  HEB  =  ’.941862 

WARP.  SHR.  STR.  =  -.108703 


TOR.  SHR.  FLANGE  =  1.551303 

HARP.  NOR.  STR.  =  -2.472049 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HEB  ,941862  TOR.  SHR.  FLANGE  =  1.551303 

HARP.  SHR.  STR.  =  -.108703  HARP.  NOR.  STR.  =  -2.472049 


C-5A 


NORMAL  STRESSES  (KSI) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

14.065930 

2.472049 

16.537980 

3 

14.065930 

-2.472049 

11.593890 

5 

-14.065930 

-2.472049 

-16.537980 

7 

-14.065930 

2.472049 

-11.593890 

SHEAR 

STRESSES  (KSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.167274 

1.442600 

1.609875 

2R 

-.167274 

1.442600 

1.275326 

4L 

.642566 

-.941862 

-.299297 

4R 

.642566 

.941862 

1.584428 

6L 

-.  167274 

-1.442600 

-1.609875 

6R 

.167274 

-1.442600 

-1.275326 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


tY 

I 

I 

I 

I 

1  2L  I  2R  3 

uummuumuu 

T 

X 

X 

X 

X 

X 

X 

+Z< . 4L-X  -IR 

X 

X 

X 

X 

X 

X 

X 

XXXXXXXXXXXXXXXXXXXIX 

5  fiL  6R  7 


C-55 


OISrANCE  FROM  LEFf  END  OF  HEH8ER  TO  SECTION  UNDER  ETAHINATION  IS  192.0000 


SFY.= 

4.0000 

SHY2  -- 

.3345 

SHZ2  = 

-.0000 

BMY  = 

.0000 

BSYl  -- 

.0000 

AKSTR  = 

.0000 

SFl  -- 

.0000 

SHY4  -- 

1,2851 

BHZ  - 

-1152,0000 

8SZ1  -- 

21.0989 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  .40000000  ENDING  AT  9S. 00000  FROM  LEFT  END 

PHI--  .43101E-0I  PHIh  .10137E-03  PHI2--  -.26550£'ll  PHI2=  .2b093£-07 


TOR.  SHR.  NEB  = 
KARP.  SHR.  STR.  = 


.386014  TOR.  SHR.  FLANGE  =  .635787 

-.044551  WARP.  NOR.  STR.  =  -.000002 


CQHBINEn  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  -  .386014  TOR.  SHR,  FLANGE  =  .635787 

WARP.  SHR.  STR.  =  -.044551  WARP.  NOR,  STR.  =  -.000002 


C-56 


NODMAL  SrRESSES  (KSI) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

2I.0S8900 

.000002 

21.098900 

3 

21.098900 

-.000002 

21.098900 

5 

-21.098900 

-.000002 

-21.098900 

7 

-21.098900 

.000002 

-21.098900 

SHEAR 

STRESSES  (KSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.334549 

.591236 

.925785 

2R 

-.334549 

.591236 

.256688 

4L 

1.285131 

-.386014 

.899118 

4R 

1.285131 

.386014 

1.671145 

BL 

-.334549 

-.591236  • 

-.925785 

GR 

.334549 

-.591236 

-.256688 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


+Y 

I 

1 

I 

I 

1  21  I  2R  3 

muuuummnu 

i 

X 

X 

X 

X 

X 

X 

+z< . 4L-I  -IR 

X 

X 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 

5  GL  6R  7 


C-57 


TORSION"  PROGRAM  INPUT  FILE 


Probi em : 
Beam  Selected: 
End  Conditions: 


7 

W6xl5 

Fi xed-Free 


'W-FLANGE'  'W6xl5' 

4.43  0.23  0.26 

5.99  5.99 

9.32  3.11 

29.1  9.72 

0.10  29000.0  11200.0 

42.0 

3 

0.0  12.6  42.0 

0.0  0.0  0.0 

-40.0  0.0  0.0 

'FIX-FRE' 

1 

12.6  0.0  0.0  0.0  40.0  0.0  0.0 

0.0  0.0  0.0 
0.0  0.0  0.0 
0.0  0.0 
'  Y' 


INPUT  DATA 


PROBLEM  7 


HIDE  FLANGE  SECTION 


AREA: 

4.4300 

THW: 

IT: 

3.3200 

SY: 

J: 

.1000 

CH: 

SH2: 

3.3409 

E: 

QY2: 

2.1453 

QY4: 

LENGTH: 

42.0000 

WGHS 


.2300 

THE: 

.2600 

3.1100 

IZ:  29 

.1000 

76.4455 

HNl: 

8.5807 

25000.0000 

G: 

11200.0000 

5.3222 

QZ2: 

1.1644 

SECTIONS  HHERE  STRESSES  ARE  TO  BE  CHECKED 


LEFr  EKD  FORCES 

FK:  .0000  FY:  .0000  F2:  .0000 

MY:  -40.0000  MY:  .0000  HZ:  .0000 

1  SET  OF  APPLIED  CONCENTRATED  LOADS  ARE  AT  12.60  INCHES  FROM  LEFT  END 

FY:  .0000  FY:  ,0000  FZ:  .0000 

MY:  40.0000  MY:  .0000  MZ:  .0000 

JNIFORH  LOAD  ON  MEMBER  IN  Y-OIR 

NY:  .0000  LAY:  ,0000  LBY:  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  Z-DIfi 

NZ:  ,0000  LAZ:  .0000  LBZ;  .0000 

UNIFORMLY  OirRISUrEO  fORSlOHAL  LOAD  IS 
NY;  .0000  LY:  .0000 

MEMBER  END  CONDITIONS  ARE  FlY-FRE 


C-60 


DISTANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  ETAMINATION  IS 

.0000 

SFY  = 

.0000 

SFZ  -- 

.0000 

SHY2  = 

.0000 

SHY4  : 

.0000 

SHZ2  = 

.0000 

BMY  = 

.0000 

BMZ  = 

.0000 

BSYl  = 

.0000 

■  8SZ1  r 

.0000 

AYSTR  = 

.0000 

TORSION  MOMENT  =  40.0000  LOCATION  =  12.S000 

PHI=  .OOOOOE+00  PHI1=  .OOOOOE+00  PHI2^  .20651E-03  PHI3=  -.18043E-04 


TOR.  SHR.  WEB  =  .000000  TOR.  SHR.  FLAN6E  =  .000000 

HARP.  SHR.  STR.  =  6.723516  WARP.  NOR.  SIR.  =  51.387050 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  =  6.723516  HARP.  NOR.  STR.  =  51.387050 


C-61 


NORMAL  STRESSES  (KSI) 


POINT 

NITHDUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

-51.3B7050 

-51.387050 

3 

.000000 

51.387050 

51.387050 

5 

.000000 

51.387050 

51.307050 

7 

.000000 

-51.387050 

-51.387050 

SHEAR 

STRESSES  (XSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000 

6.723516 

6.723516 

2R 

.000000 

6.723516 

6.723516 

4L 

.000000 

.000000 

.000000 

4R 

.000000 

.000000 

.000000 

6L 

.000000 

-6.723516 

-6.723516 

6R 

.000000 

-6.723516 

-6.723516 

POINT  LOCATIONS  OF  COHPUTED  STRESSES 

+Y 

1 

I 

I 

I 

1  2L  I  2R  3 

unumiuunum 

i 

i 

X 

X 

X 

X 

+Z< . 4L-X 

X 

X 

V 

s 

X 

X 

X 

X 

IXXXXXXXXXXXXXXXXXXIX 
5  6L  6R  7 


C-62 


OISrANCE  fROH  LEFF  END  OF  MEMBER  TO  SECTION  UNDER  EIAHINATION  IS  12.6000 


SFY  = 

.0000' 

SFZ  = 

.0000 

SHY2  = 

.0000 

SHY4  -- 

.0000 

SHZ2  = 

.0000 

BHY  = 

.0000 

BMZ  = 

.0000 

BSYl  = 

.0000 

BSZl  = 

.0000 

AKSTR  =  .0000 


TORSION  MOMENT  =  40.0000  LOCATION  =  12.6000 

PHI=  .  10463E-01  PHIb  .11951E-02  PH12=  -.15550E-04  PH13=  -.17439E-04 

TOR.  SHR.  NEB  =  3.078450  TOR.  SHR.  FLANGE  =  3.479986 

HARP.  SHR.  STR.  =  6.498538  WARP.  NOR.  STR.  =  -3.869450 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  NEB  =  3.078450  TOR.  SHR.  FLAN6E  =  3.479986 

HARP.  SHR.  STR.  =  6.498538  WARP.  NOR.  STR.  -*  -3.869450 


C-(S3 


NORMAL  STRESSES  (KSl) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

3.869450 

3.869450 

3 

.000000 

-3.869450 

-3.869450 

5 

.000000 

-3.869450 

-3.869450 

7 

.000000 

3.869450 

3.869450 

SHEAR 

STRESSES  (XSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000 

9,978524 

9.978524 

2R 

.000000 

9.978524 

9,978524 

4L 

.000000 

-3.078450 

-3.078450 

AR 

.000000 

3.078450 

3.078450 

6L 

.000000 

-9.978524  • 

-9.978524 

6R 

.000000 

-9.978524 

-9.978524 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


tY 

I 

I 

I 

I 

I  2L  I  2R  3 

unmnmnuum 

i 

X 

X 

X 

X 

X 

X 

+Z< . -IL-X  4R 

X 

X 

X 

X 

X 

X 

X 

XXXXXXXXXXXXXXXXXXXIX 

5  6L  6R  7 


C-6A 


DISfANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  EKAMINATION  IS  AB.OOOO 


SFY  V 

.■0000 

SFZ 

.0000 

SHY2  = 

.0000 

3KY4  = 

.0000 

SHZ2  = 

.00.0 

BMY  = 

.0000 

BMZ  = 

.0000 

8SY1  -- 

.0000 

fiSZl  = 

.0000 

AKSTR  -- 

.0000 

TORSION  MOMENT  =  AO. 0000  LOCATION  ^  12.b000 

PHI=  .41242E-01  PHIb  .97444E-03  PH12=  ,23221E-12  PHI3= 


TOR.  SHR.  HEB  = 
WARP.  SHR.  STR.  = 


2.510150  TOR.  SHR.  FLANGE  =  2.S375G1 

-.’183446  WARP.  NOR.  STR.  =  .000000 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  2.510150  TOR.  SHR.  FLANGE  ^  2.B37561 

WARP.  SHR.  STR.  =  -.  193446  WARP.  NOR.  STR.  ::  .000000 


.49225E-06 


C-65 


NORHAL  STRESSES  (KSI) 


POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

.000000 

.000000 

3 

.000000 

.000000 

.000000 

5 

.000000 

.000000 

.000000 

7 

.000000 

.000000 

.000000 

SHEAR 

STRESSES  (KSl) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000 

2.654115 

2.654115 

2R 

.000000 

2.654115 

2.654115 

4L 

.000000 

-2.510150 

-2.510150 

AR 

.000000 

2.510150 

2.510150 

6L 

.000000 

-2.654115 

-2.654115 

6R 

.000000 

-2.654115 

-2.654115 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

fY 

I 

I 

I 

I 

1  2L  1  2f!  3 

umuunnmmu 

X 

i 

X 

X 

X 

X 

X 

+Z< . 'fl-x  “IR 

X 

X 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 

5  6L  6R  7 


C-66 


TORSION"  PROGRAM  INPUT  FILE 


Probi em: 
Beam  Selected: 
End  Conditions: 


8 

W8x67 

Fi  xed-F  '-ee 


■W-FLANGE'  'W8x67' 
19.7  0.57  0.935 

9.0  8.28 

88.6  21.4 

272.0  60.4 

5.05  29000.0  11200.0 

108.0 

3 


0.0 

32.4 

108 

0.0 

0.0 

0.0 

5.4 

0.0 

0.0 

'FIX- 

■FRE' 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

-0.2 

108.0 

0.5 

32,4 

'Y' 


0.0  0.0 


C-67 


INPUr  DATA 


WIDE  FLAWGE  SECIlOW 


AREA: 

IS. 7000 

THW: 

lY: 

88.6000 

SY: 

J: 

SH2: 

5.0500 

32.3115 

CW: 

E: 

QY2: 

M.53')8 

0Y4: 

LENGTH: 

108.0000 

W8)(67 


.5700 

THE: 

,9350 

21.4000 

12:  272. 

0000 

1438.4680 

KNl: 

16.6945 

29000.0000 

G: 

11200.0000 

34.8409 

QZ2: 

7.9748 

SECriONS  WHERE  STRESSES  ARE  TO  8E  CHECKED 


L£Fr  END  FORCES 

FX:  .0000  FY:  .0000  F2:  .0000 

MI:  5.4000  MY:  .0000  M2:  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  Y-DIR 

WY:  .0000  LAY:  .0000  LBY:  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  2-DIR 

HZ:  .0000  LAZ:  ,0000  LSZ:  .0000 

UNIFORMLY  DITRIBUTED  TORSIONAL  LOAD  IS 
HI:  .5000  LI:  32.4000 

MEMBER  END  CONDITIONS  ARE  FII-FRE 


C-69 


DISTANCE  FROM  LEFF  END  OF  HEMBER  TO  SECTION  UNDER  EXAHINATION  IS  .0000 


SFY  = 

.0000 

SFZ  = 

.0000 

SHY2  -- 

.0000 

SHY4  = 

.0000 

SHZ2  = 

.0000 

BMY  = 

.0000 

BHZ  = 

.0000 

8SY1  = 

.0000 

BSZl  = 

.0000 

ATSTR  = 

.0000 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  .50000000  ENDI.NG  AT  32. '(0000  FROM  LEFT  END 

PHI=  .OOOOOE+00  PHI1=  .OOOOOEfOO  PHI2=  .43805E-05  PHI3--  -.38S3'(£-0G 

TOR.  SHR.  WEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

WARP.  SHR.  STR.  =  .388188  WARP.  NOR.-STR.  =  2.125153 

COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  =  .389188  WARP.  NOR.  STR.  =  2.125153 


C-70 


NORMAL  SrfiESSES  (KSI) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COHBINED  STRESS 

1 

,000000 

-2.125153 

-2.125153 

3 

.000000 

2.125153 

2.125153 

5 

.000000 

2.125153 

2.125153 

7 

.000000 

-2.125153 

-2,125153 

SHEAR 

STRESSES  (KSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000, 

,389168 

.389188 

2R 

.000000 

,389183 

.389188 

4L 

.000000 

,000000 

.000000 

4R 

.000000 

.000000 

.000000 

6L 

.000000 

-.389188 

-.389188 

6R 

.000000 

-.383188 

-.389188 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

tY 

I 

I 

1 

I 

1  21  I  2R  3 

uummuuunm 

Y 
i 
X 

Y 

Y 

Y 

Y 

+Z< . AL-Y  4fi 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

uuuuunuumn 

5  5L  6R  7 


C-71 


DISTANCE  FROM  LEFT  END  OF  NEHBER  TO  SECTION  UNDER  EIAKINATIOH  IS  32.4000 


SFY  =  . 

<0000 

SFZ  = 

.0000 

SHY2  = 

.0000 

SHy4  = 

.0000 

SH22  = 

.0000 

BMY  = 

.0000 

BHZ  - 

.0000 

BSYl  -- 

.0000 

BSZl  = 

.0000 

ATSTR  -- 

.0000 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  .50000000  ENDING  AT  32.40000  FROM  LEFT  END 

PHI=  .B041'3E-03  PHI1  =  .22202E-04  PHI2=  -.81129E-0G  Pm3=  .30I02E-07 

TOR.  SHR.  NEB  =  .r4173G  TOR.  SHR.  FLANGE  =  .2324% 

HARP.  SHR.  STR.  -*  -.030168  WARP.  NOR.  STR.  =  -.392778 

COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HE8  =  .141736  TOR.  SHR.  FLANGE  =  .232436 

HARP.  SHR.  STR.  =  -.030168  HARP.  NOR.  STR.  =  -.392778 


C-72 


NORMAL  SIRESSES  (KSl) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

I 

.000000 

.352778 

.392778 

3 

.000000 

-.392778 

-.392773 

5 

.000000 

-.352778 

-.392778 

7 

.000000 

.392778 

.392778 

SHEAR 

STRESSES  (i:SI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000 

.202329 

.202329 

2R 

.000000 

.202329 

.202329 

AL 

.000000 

-.141736 

-.141736 

4R 

.000000 

.141736 

.141736 

6L 

.000000 

-.202329 

-.202329 

6R 

.000000 

-.202329 

-.202329 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


+Y 

I 

I 

I 

I 

1  2L  I  2R  3 

umnuummnu 

T 

X 

X 

X 

X 

X 

X 

+Z< . 4L-I  4R 

X 

X 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 

5  6L  6R  7 

C-73 


DISTANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  EYAKINAriON  IS 

108.0000 

SfY  = 

.0000 

SF2  = 

.0000 

SHY2  = 

.0000 

SHY4  = 

.0000 

SHZ2  = 

.0000 

BMY  = 

.0000 

BMZ  = 

.0000. 

8SY1  = 

.0000 

flSZl  = 

.0000 

AYSTR  = 

.0000 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  = 
PHI=  .I'l02GE-02  PHI1=  .2734IE-05 


TOR.  SHR.  NEB  = 
NAfiP.  SHR.  STR.  = 


.50000000  ENDING  AT  32.40000  FROM  LEFT  END 
PH12=  -.13441E-11  PHI3=  .37071E-08 


.017455  TOR.  SHR.  FLANGE  =  .02B632 

-.003715  WARP.  NOR.  STR.  =  -.000001 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  .017455  TOR.  SHR.  FLANGE  =  .028632 

HARP.  SHR.  STR.  =  -.003715  HARP.  NOR.  STR.  =  -.000001 


C-74 


NORMAL  SrRESSES  (CSI) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

.000001 

.000001 

3 

.000000 

-.000001 

-.000001 

5 

.000000 

-.000001 

-.000001 

7 

.000000 

.000001  ■ 

.000001 

SHEAR 

STRESSES  (KSl) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000 

.024917 

.024517 

2R 

.000000 

.024917 

.024917 

4L 

.000000 

-.017455 

-.017455 

AR 

.000000 

.017455 

.017455 

EL 

.000000 

-.024517 

-.024917 

6R 

.000000 

-.024517 

-.024517 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


♦Y 

I 

I 

I 

I 

1  2L  I  2R  3 

mxmnmmmxn 

X 

X 

X 

X 

X 

X 

X 

n< . -fL-i  -iR 

X 

X 

X 

X 

X 

X 

X 

nnnxnnnnnnr 

5  6L  6R  7 

C-75 


TORSION"  PROGRAM  INPUT  FILE 


Probi em: 
Beam  Selected; 
End  Conditions: 


9 

ClOxZO 
Fi xed-Free 


'CHANNELS' 

'C10x20' 

5.88 

0.379 

0.436 

10.0 

2.739 

0.-606 

2.81 

1.32 

4.637 

78.9 

15.8 

0.370 

60.0 

3 

29000 

.0  11200 

0.0 

18.0  60.0 

0.0 

5,0  0. 

0 

-30.0 

0.0 

-150.0 

'FIX-FRE' 

1 

18.0  0.0  0.0  0.0  30,0  0.0  0.0 

-0.0833  0.0  60.0 

0.0  0.0  0.0 
0.0  0.0 
'  Y' 


C-76 


INPUT  DATA  PROBLEM  9  -  Part  (a) 


CHANNEL  SECTION  ClOnO 


AREA: 

5.8800 

THW: 

.3790 

THf: 

.43G0 

lY: 

2.8100 

SY: 

1.3200 

SYS: 

4.G370 

IZ: 

78.9000 

SZ: 

15.8000 

ZD: 

2.7390 

J: 

.3700 

CW: 

5G.920b 

WNl: 

8.2423 

SW2: 

E: 

3.0970 

29000.0000 

SW3: 

G: 

•  2.-3a59 

11200.0000 

SW4: 

-1.1930 

QY2: 

Q22: 

4.4472 

.9918 

073: 

0Z3: 

5.315b 

.9540 

0Y4: 

9.G430 

LENGTH:  GO. 0000 

SECTIONS  WHERE  STRESSES  ARE  TO  BE  CHECKED 
.0000 
18.0000 
GO. 0000 


C-77 


LEFT  END  FORCES 


FI:  .0000  FY:  5.0000  F2:  ,0000 

MI:  -30.0000  MY:  .0000  HZ:  -150.0000 

I  SET  OF  APPLIED  CONCENTRATED  LOADS  ARE  AT  10.00  INCHES  FROM  LEFT  END 

FI:  ,0000  FY:  .0000  FZ:  .0000 

HI:  30.0000  HY:  .0000  HZ:  .0000 

UNIFORM  LOAD  ON  H£H’'£R  IN  Y-OIR 

NY:  -.0833  LAY:  .0000  LBY:  60.0000 

UNIFORM  LOAD  ON  H£H8£R  IN  Z-OIR 

NZ:  .0000  LAZ:  .0000  LBZ:  .0000 

UNIFORMLY  DITRI8UT£0  TORSIONAL  LOAD  IS 
NI:  .0000  LI:  .0000 

H£HBER  END  CONDITIONS  ARE  FII-FRE 


C-78 


.0000 


DISTANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  EXAMINATION  IS 


SPY  • 

-5.0000 

SFZ 

.0000 

SHY2  = 

.6464 

SHY3  - 

.7726 

SHY4  = 

-1.6134 

SH22  - 

,0000 

SHZ3  ^ 

.0000 

BMY  = 

.0000 

BMZ  = 

150,0000 

BSVl  = 

.0000 

B3Y3  -- 

.0000 

BSZl  = 

-9,4937 

BSZ3  -- 

-9.4937 

AISTR  = 

.0000 

TORSION  MOMENT  30.0000  LOCATION  -  18.0000 

PHI=  .OOOOOE+00  PHIl:  .OOOOOEtOO  PiiI2=  .21630E-0C 

TOR,  SHR.  NE8  --  .000000  TOR,  STIR.  FLANGE 

WARP.  SHR.  STR.  AT  2  =  3.7A3765  WARP.  SHR.  STR.  AT  3 

WARP.  NOR.  STR.  AT  1  =  51.701370  WARP,  NOR.  STR.  AT  3 


.000000 

2.88-1202  WARP.  SHR.  S^R,  AT  •! 
2-1.773-160 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  .000000 
WARP.  SHR.  STR.  AT  2  =  3, 7-“, 3765 
WARP.  NOR.  SIR.  AT  1  =  51.701370 


TOR,  SHR.  FLANGE  =  .COOOCO 
HARP.  SHR.  SIR.  AT  3  =  2.6BA202 
HARP.  NOR.  STR.  AT  3  =  2-;.  773A60 


HARP,  S”R,  Sfp,  AT  4  -I.65S9S7 


I 

I 

I 


C-79 


NORMAL  STRESSES  (L'SI) 


POINT 

KITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

-9.A93670 

51.701370 

42.207700 

3 

-•5. 493670 

-2A.773A60 

-34.267130 

5 

9.AS3670 

2A.773A60 

34.267130 

7 

9.4936/0 

-51.7013/0 

-42.207/00 

SHEAS 

STRESSES  f):SI) 

POINT 

KITHOUT  TORSION 

TORSION  O.NLY 

COMBINED  STRESS 

L 

.646388 

3.7A3765 

4.390153 

21 

.646389 

3.743765 

4.390153 

3 

.772605 

2.8BA202 

3.656007 

31 

.772605 

2.3S4202  .. 

3.656807 

A 

-1.613375 

-1.658937 

-3.2''2361 

A! 

-1.613375 

-1.656987 

-3.272361 

J 

-.772605 

-2.G8A202 

-3.655007 

5! 

-. 772605 

-2.884202 

-3.655S07 

6 

-.646300 

-3.743765 

-4.390)53 

61 

-.646388 

-3.743765 

-4.390153 

POINT 

LOCATIONS  Or  COMPUTED  ST 

RESSES 

tr 

I 

I 

I 

I 

3  2  ; 

mnmn 
X  I 
i  ; 

T  I 
I  I 
X  ! 
j  : 

m . -i-j-- 


X 

X 

V 

xxxxxxun 

5  6  7 

C-80 


I 

I 

I 

I 


OISrANCE 

FROM  LEFr  END  OF  MEMBER 

ro  sEcrioN  wider  eyahikation  is 

18.000C 

SPY  = 

-3<50C1 

SF2  = 

.0000 

SHY2  = 

.•f525 

SHY3  = 

.5408 

SHY-I  = 

-1.1294 

SHZ2  ^ 

.0000 

SHI3  -- 

.0000 

BHY  = 

.0000 

BHZ  -- 

226.5005 

BSYl  = 

.0000 

BSY3  = 

.0000 

8SZ1  = 

-14.3355 

BSZ3  = 

-14.3355 

AZSTR  = 

.0000 

TORSION  HOKENf  = 
PHI=  .I90B3E-01 

30.0000  LOCATION  --  19.0000 

PHIh  .1293BE-02  PHI2^  -.62927E-04 

FH13::  - 

TOR,  SHR.  HEB 

=  5.492007 

TOR.  SHR.  FLANGE  -- 

6.317381 

HARP.  SHR.  SIR.  AT  2 

=  ■  3.0746B1 

HARP.  SHR.  STR,  AT  3  = 

2.36873B 

HARP.  NOR.  STR.  AT  1 

=  -15.041270 

WARP.  NOR.  STR.  AT  3  = 

-7.207242 

COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HEB 

5,492007 

TOR.  SHR.  FLANGE  ^ 

6.31792! 

WARP.  SHR.  STR.  AT  2  = 

3.074681 

WARP.  SHR,  STR.  AT  3  = 

2.3&e73S 

HARP.  NOR.  STR.  AT  1  = 

-15.041270 

WARP.  NOR.  STR,  AT  3  ^ 

-7.207242 

-I.352'(;3 


I 

I 


C-81 


NORHAL  STRESSES  (KSl) 


POINT 

HITHQUT  TORSION 

TORSION  ONLY 

COHBIHED  STRESI 

1 

■'14.335400 

-15.041270 

-29.376750 

3 

-14,335480 

7.207242 

-7.128235 

5 

14.335480 

-7.207242 

7.128235 

7 

14.335480 

15.041270 

29.376750 

SHEAR 

STRESSES  (XSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2 

.452480 

5.352661 

5,845140 

21 

.452480 

-3.243300 

-2.790821 

3 

.540833  • 

0.686713 

3.227552 

31 

.540833 

-3.945242 

-3.408410 

A 

-1.129382 

-6.054500 

-7.9S3881 

AI 

-1.129382 

4.I295I4 

3.000132 

J 

-.540833 

-8.686713 

-5.227552 

5! 

-.540833 

3,943242 

3.408410 

6 

-.452400 

-5.352661 

-9.B45140 

61 

-.452480 

3.243300 

2.730821 

POINI  LOCATIONS  OF  COMPUTED  STRESSES 

♦Y 

I 

I 

I 

I 

3  2  1 

xmxmn 

X  I 
I  ! 

X  I 
X  I 
X  I 
X  I 

♦2< . M  — 

X 

V 

X 

X 


xxxxxxxxxx 

5  6  7 


C-82 


DISTANCe  FROM  LEFT  END  OF  HEMBER  TO  SECTION  UNDER  EIAHINATION  IS  bO.OOOO 


SFY  = 

-.0002 

SFZ  - 

.0000 

SHY2  = 

.0000 

SHY3  = 

.0000 

SHY-I  = 

-.0001 

SHZ2  = 

.0000 

SHZ3  = 

.0000 

8HY  -- 

.0000 

II 

300.0080 

BSYl 

.0000 

BSY3  ^ 

.0000 

BSZl  = 

-18.9877 

BSZ3  = 

-18.9877 

AKSIR  =  .0000 


TORSION  MOMENT  =  30.0000  LOCATION  =  13.0000 


PHI=  .4<)149E-01 

PH11--  .31087E-03  PHI2-  -.592048-10 

PHI  3--  .78O42E-0b 

TOR.  SHR.  WEB  = 

1.319572 

FOR.  SHR.  FLANGE  = 

1.518031 

HARP.  SHR.  STR.  AT  2  = 

-.160762 

WARP.  SHR.  STR.  AT  3  ^ 

-.  123851  WARP.  SHR,  SIR.  AT  4 

.071239 

HARP.  NOR.  STR.  AT  1  = 

-.000014 

WARP.  NOR.  SfR.  AT  3  ^ 

-.000007 

COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  -- 

1,319572 

TOR.  SHR.  FLANGE  = 

1.518031 

HARP.  SHR.  STR.  AT  2  = 
HARP.  NOR.  STR.  AT  1  = 

-.160762 

-.000014 

WARP.  SHR.  STR.  AT  3  = 
WARP.  NOR.  STR.  AT  3  = 

-.123851 

-.000007 

WARP.  SHR,  STR. 

A1  4 

.071239 

C-83 


NODIIAL  STRESSES  (KSI) 


POINT  WITHOUT  TORSION  TORSION  ONLY  COHbiNED  STRESS 


,  I 

-18.387720 

-.000014 

-18.887730 

3 

-18.307720 

.000007 

-10.307710 

5 

13.887720 

-.000007 

10.887710 

7 

18.387720 

.000014 

13.837730 

SHEAR 

STRESSES  (i:SI) 

POINT 

WITHOUT  TORSION  TORSION  ONLY 

COHDlliE!)  STRESS 

2 

.000026 

1.357268 

1.357285 

21 

. 000026 

-1.678732 

-1.678766 

3 

.000031 

1.384178 

1.384210 

31 

.000031 

-1.641082 

•1.64185! 

4 

-.000065 

-1.248334 

-1.248399 

4! 

-.000065 

1.330911 

1.330747 

5 

-.000031 

-1.384178 

-1.384210 

51 

-.000031 

1.641882 

I.64I95I 

S 

-.000026 

-1.357268 

-1.357285 

S! 

-.000026 

1.678732 

1.678766 

POINT 

LOCATIONS  OF  COMPUTED  STRESSES 

I 

I 

I 

I 

3  2  1 

331133331a 

3  ! 

I  I 
3  I 
I  I 
X  I 
3  I 

. 4-3--- 

3 

3 


3 

3 

3333333333 
5  S  7 


C-84 


INPUT  DATA 


PROBLEM. 9  -  Part  (b) 


WIDE  FLANGE  SECTION 


AREA: 

19.7000 

THW: 

lY: 

88.S000 

SY: 

J: 

5.0500 

CW: 

SH2: 

32.3115 

E: 

QY2: 

M. 53-18 

QY-): 

LENGTH: 

108.0000 

SECTIONS  WHERE 

STRESSES  ARE 

NGTG? 


.5700 

THF: 

.9350 

21.4000 

IZ:.  272 

.0000 

1433.4680 

HNl: 

16.6945 

25000.0000 

G: 

11200.0000 

34.8409 

QZ2: 

7.9748 

BE  CHECKED 


LEFT  END  FORCES 


FT:  .0000  FY:  .0000  F2: 

NJ:  5.4000  NY:  .0000  HZ: 

UNIFORH  LOAD  ON  HEHBER  IN  Y-DIR 
NY:  .0000  LAY:  .0000  LBY: 

UNIFORH  LOAD  ON  HEHBER  IN  2-DIR 
HZ:  .0000  LAZ:  .0000  LBZ: 

UNIFORHLY  DIIRIBUTED  TORSIONAL  LOAD  IS 
NX:  -.2000  LX:  108.0000 

HEHBER  END  CONDITIONS  ARE  FIX-FRE 


DISTANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  ETAMINATION  IS 

.0000 

SFY  : 

.'0000 

SF2  - 

.0000 

SHY2  = 

.0000 

SHY4  -- 

.0000 

SHZ2  = 

.0000 

BMY  = 

.0000 

BH2  = 

.0000 

BSYl  = 

.0000 

BS21  = 

.0000 

AKSTR  = 

.0000 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  -.20000000  ENDING  AT  lOB. 00000  FROM  LEFT  END 


PHI=  ,OOOOOE+O0  FHI1=  .OOOOOEtOO  PHI2=  -.106')9£-04  PHI3=  .51779E-0S 


TOR.  SHR.  NEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  =  -.518918  WARP.  NOR.  SIR.  =  -5.155473 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  =  -.518913  WARP.  HQR.  STR.  =  -5.155473 


NORHAL  SFRESSES  (KSI) 


POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

5.155473 

5.155473 

3 

.000000 

-5.155473 

-5.155473 

5 

.000000 

-5.155473 

-5.155473 

7 

.000000 

5.155473 

5.155473 

SHEAR 

STRESSES  (KSI) 

POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000 

-.518918 

-.518918 

2R 

.000000 

-.518910 

r.518918 

4L 

.000000 

. 000000 

.000000 

4R 

.000000 

.000000 

.000000 

SL 

.000000 

.518918 

.518918 

6R 

.000000 

.518318 

.518918 

POINT  LOCATIONS  OF  COMPOTED  STRESSES 


tY 

I 

I 

I 

I 

1  2L  I  2R  3 

mmmmumun 

i 

X 

X 

V 

A 

X 

X 

X 

+Z( . -IL-X  TR 

X 

X 

X 

X 

X 

X 

X 

uuumuuuuun 

5  6L  SR  7 


DISTANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  EXAMINATION  IS  32.4000 


SFY  = 

..0000 

SFZ  - 

.0000 

SHY2  = 

.0000 

SHY4  = 

.0000 

SHZ2  = 

.0000 

BMY  = 

.0000 

BHZ  - 

.0000 

BSYl  = 

.0000 

eszi  = 

.0000 

AXSTR  = 

.0000 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  -.20000000  ENDING  AT  108.00000  FROM  LEFT  END 

PHI=  -.33640E-02  PHI1=  -.15fi43£-03  PHI2=  -.94979E-0G  PHI3=  .15029£-0b 

TOR.  SHR.  WEB  =  -.998990  TOR.  SHR.  FLANGE  -1.638695 

HARP.  SHR.  STR.  --  -.150613  HARP.  NOR.  STR.  ^  -.459831 

COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HE8  =  -.998990  TOR.  SHR.  FLANGE  -  -1.633695 

HARP.  SHR.  STR.  =  -.150613  HARP.  NOR.  STR.  =  -.459831 


C-S9 


N08HAL  SrRESSES  dCSI) 


POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

.459831 

.459831 

3 

.000000 

-.453831 

-.459831 

5 

.000000 

-.459831 

-.459831 

7 

.000000 

.453831 

.453831 

SHEAR 

STRESSES  (KSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000 

-1.789308 

-1.789303 

2R 

.000000 

-1.783308 

-1.783308 

4L 

.000000 

.998390 

.998990 

■IR 

.000000 

-.338330 

-.998390 

6L 

.000000 

1.789308 

1.789308 

6R 

.000000 

1.739308 

I.78930S 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


tY 

I 

I 

I 

I 

1  2L  I  2R  3 

muumunmnu 

X 

X 

X 

X 

X 

X 

X 

+i< . -IL-):  -tR 

X 

V 

A 

X 

X 

X 

X 

X 

xxxxxxxxxxxxxxxxxxxxx 

5  6L  6R  7 


C-90 


DISTANCE  FROM 

LEFT  END  OF  MEMBER 

TO  SECTION  UNDER  ETAMINATION  IS 

103,0000 

SFY  = 

.0000 

SFZ  = 

.0000 

SHY2  = 

.0000 

SHY4  = 

.0000 

SHZ2 

.0000 

BMY  = 

.0000 

L'MZ  = 

•  .0000 

BSYl  = 

.0000 

SSZl  ^ 

.0000 

AYSTR  = 

.0000 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  ^  -.20000000  ENDING  AT  108.00000  FROM  LEFT  END 

PHI=  -.12769E-01  PHI1=  -.BlGS-fE-O'l  PHI2=  -.147338-09  PHI3=  -.11071E-0S 

TOR.  SHR.  WEB  =  -.521281  TOR.  SHR.  FLANGE  =  -.855084 

WARP.  SHR.  STR.  =  .110952  WARP.  NOR.  STR.  =  -.000071 

COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  -.521281  TOR.  SHR.  FLANGE  =  -.8550S4 

HARP.  SHR.  STR.  =  .110952  WARP.  NOR.  STR.  =  -.000071 


C-91 


NOUHAL  SrfiESSES  (KSI) 


POINT 

NITHOUT  TORSION 

TORSION  only' 

COMBINED  STRESS 

1 

.000000 

.000071 

.000071 

3 

.000000 

-.000071 

-.00007! 

5 

.000000 

-.000071 

-.000071 

7 

.000000 

.000071 

.000071 

SHEAR 

STRESSES  (KSI) 

POINT 

WITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2L 

.000000 

-.744132 

-.744132 

2R 

.000000 

-.  744132 

-.744132 

4L 

.000000 

.521281 

.521201 

4R 

.000000 

-.521231 

-.521281 

6L 

.000000 

.744132 

.744132 

6R 

.000000 

.744132 

.744132 

POINT  LOCATIONS  OF  CONFUTED  STRESSES 


♦Y 

I 

I 

I 

I 

I  2L  I  2R  3 

uluuuuumum 

I 

X 

X 

X 

X 

X 

V 
A 

+Z(- . 41 -I  4R 

X 

V 
A 

X 

X 

X 

X 

X 

XXXXXXXXXXXXXXXXXIXXX 
5  6L  SR  7 

C-0  2 


"TORSION"  PROGRAM  INPUT  FILE 


Problem 
Beam  Sel ected 
End  Conditions 


10 

C12x30 
F i xea-Free 


'CHANNELS'  'C12x30' 
8.82  0.51  0.501 

12.0  3.17  0.674 

5.14  2.06  7.53 

162.0  27.0 

0.865  29000.0  11200.0 

108.0 
3 


0.0 

32.4 

108.0 

0.0 

0.0 

0.0 

5.4 

0.0 

0.0 

'FIX- 

-FRE' 

0 

0.0 

0.0 

0.0  0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

32.4 

-0.2 

108. 

.0 

'  Y  ' 


C-? 


INPUr  DATA  PROBLEM  10  -  Part  (a) 


CHANNEL  SECTION  Cll'KSO 


AREA: 

8.8200 

THW: 

.5100 

THE: 

.5010 

lY: 

5.1A00 

SY: 

2.0600 

SYS: 

7.6300 

IZ: 

162.0000 

S2: 

27.0000 

20; 

3.1700 

I: 

.8650 

CW: 

151.2351 

WNl: 

11.7357 

SW2: 

6.0047 

SW3: 

<1.9067 

Sl'M: 

-2.4534 

E: 

29000.0000 

G: 

11200.0000 

QY2: 

7.1897 

QY3: 

3.3967 

QY4: 

16.8261 

022: 

1.5606 

023: 

1.5166 

LENGTH: 

108.0000 

SECTIONS  WHERE  STRESSES  ARE  TO  BE  CHECKED 
.0000 
Sl'.TOOO 
108.0000 


C-94 


LEFl  END  FORCES 

FX:  .0000  FY:  .0000  F2:  .0000 

MX:  5.4000  MY:  ,0000  MZ:  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  Y-DIR 

NY:  .0000  LAY:  .0000  LOY:  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  2-DIR 

N2:  .0000  LAZ:  .0000  LOZ:  .0000 

UNIFORMLY  DITRIBUTED  TORSIONAL  LOAD  IS 
NX:  .5000  LX:  32.4000 

MEMBER  END  CONDITIONS  ARE  FIX-FRE 


C-95 


,  0000 


DfSrANCE  FROM  LEFT  ENO  OF  MEMBER  TO  SECTION  UNDER  ETAHINATION  IS 


SFY  =  .0000 


SFZ  =  .0000 


SHY2  = 

.0000 

SHY4  = 

.0000 

SHZ2  = 

.0000 

BMY  = 

.0000 

BSYl  = 

.0000 

eszi  - 

.0000 

AXSTR  = 

.0000 

SHY3  = 

.0000 

SIIZ3  = 

.0000 

EiMZ  = 

.0000 

DSY3  = 

.  0000 

BSZ3  = 

,0000 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  = 


.50000000  ENDING  AT  32.AC000  FROM  LEFT  END 


PHh  .OOOOOE>00  PHI1--  .'OOOOOEfOO  PHI2^  ,3o2-)0E-0T  PH!3=  -.3b337E-05 


TOR.  SHR.  WEB  * 
WARP.  SHR.  STR.  AT  2  = 
WARP.  NOR.  STR.  AT  1  = 


.000000  TOR.  SHR.  FLANGE  = 
1.233857  HARP.  SHR.  STR.  AT  3  -- 
IG.OIbb.i  WARP.  NCR.  STR.  .AT  3  = 


.000000 

l.OTSODG  HARP.  SHR.  S'R.  AT  4  -.51522! 

5.557056 


COMBINED  TORSIONAL  INDUCED  STRESSES 


TOR.  SHR.  WEB  =  .000000 
WARP.  SHR,  STR.  AF  2  =  1.283857 
WARP.  NOR.  STR.  AT  I  --  13.018810 


TOR.  SHR.  FLANGE  =  .000000 
WARP.  SHR.  SIR.  AT  3  -■  1.0-19086 
WARP.  NOR.  STR.  AT  3  =  5.567056 


WARP.  SHR.  STR.  AT  -I  -.515291 


C-96 


NORMAL  SfRESSES  (KSI) 


POINT. 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

I3.018B10 

13.018810 

3 

.000000 

‘j. 56705& 

-5.567056 

5 

.000000 

5.567056 

5.567056 

7 

. 000000 

-I3.0I33I0 

-13.018810 

SHEAR 

STRESSES  (LSI) 

POINT 

uTTiirinT 

TORSION  ONLY 

COMBINED  SIRESS 

L 

.000000 

1.233857 

1.283857 

21 

.000000 

1.233857 

1.263857 

3 

.000000 

1.040056 

1.045056 

31 

.000000 

1 . 045056 

1.045056 

A 

.000000 

-.51525i 

-.515251 

AI 

.000000 

-.515251 

-.515251 

5 

.000000 

-1.045056 

-1.045056 

5! 

.000000 

-1.045056 

-1.045056 

S 

.000000 

-1.283857 

-1.283857 

61 

.000000 

-1.283857 

-1.283857 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 
'Y 


I 

I 

3  2  1 

ninnm 

X  I 
I  ! 

X  I 

A  I 

X  I 
X  I 

+I< . A-X-- 

X 

X 

X 

X 

X 

X 

XXXIXXXXXX 
5  6  7 


C-97 


DISTANCE  PROM  LEFT  END  OF  MEMBER 

TO  SECTION  UNDER  EJAHINATION  IS 

32.4000 

SFY  = 

.0000 

SFZ  -- 

.0000 

SHY2  -- 

.0000 

SNY3  = 

,0000 

SHY4  -- 

.0000 

SH22  -- 

.0000 

SHZ3  = 

.0000 

BMY  = 

.0000 

BMZ  -- 

.0000 

BSYl  = 

.0000 

DSY3  -- 

.0000 

3SZ1  -- 

.0000 

BSZ3  -- 

.0000 

AISTR  =  .0000 


UNIFORMLY  DISIRIBUIED  TORSIONAL  MOMENT  =  .50000000  ENDING  AT  32.40000  FROM  LEFT  END 

PHI--  .b4141E-02  FHII-- ■  .15835E-03  P(II2=  -.;4301E-05  PH13=  .343/S£-0b 

TOR.  SHh'.  MO  =  .204409  TOR.  SKR.  FLANGE  =  .BB352B 

WASP.  SHR.  STR.  AF  2  =  -.121577  KARP.  3HR.  STR.  AT  3  =  •  -.09934G  KARP.  SHR.  SIR.  AT  4  .04S736 

WARP.  NOR.  STR.  AT  1  =  -2.529300  WARP.  NOR.  STR.  AT  3  = ^  '  -1.081G9B 


COMBINED  TORSIONAL  INOUCEO  STRESSES 

TOR.  SHR.  WEB  = 

HARP.  SHR.  STR.  AT  2  = 

WARP.  NOR.  STR.  AT  I  = 


.904489  TOR.  SHR.  FLANGE  =  .883526 

-.121577  WARP.  SHR.  STR.  AT  3  =  -.099346  WARP.  SHR.  SIR.  AT  4  .048796 

-2.529598  WARP.  KOR.  STR.  AT  3  =  -1.081698 


C-98 


NORHAL  STRESSES  (TSl) 


POINT 

,  HITHOUl  TORSION 

TORSION  ONLY 

COHBINED  STRESS 

1 

.000000 

-2.52S53C 

-2.525550 

3 

.000000 

i.oaibSfl 

1.081658 

5 

.000000 

-I. 081658 

-1.0B1658 

7 

.000000 

2.52j5}3 

2.525550 

SHEAR 

STRESSES  (XSI) 

POINT 

HITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2 

.000000 

.766551 

.766551 

21 

.000000 

-l.OlOlOA 

-1.010104 

3 

.000000 

.785182 

.795182 

31 

.000000 

-.537873 

-■.907373 

A 

,000000 

-.855653 

■. G5jbS3 

AI 

.000000 

.553295 

.553285 

5 

.000000 

-.785102 

-.785182 

51 

.000000 

.587873 

.587873 

5 

.000000 

-.765551 

-.766551 

61 

.000000 

l.OlOlOA 

!. 010104 

POINT  LOCATIONS  OF  CONFUTED  STRESSES 

VT 

I 

I 


I 

3  2  I 

xuunxn 

X  I 
I  I 
X  I 
X  I 
X  1 
I  I 

♦i< . 4-X--- 

I 

X 

X 

X 

X 

X 

xxxxxxxxxx 

5  G  7 


DISTANCE  FROM  LEFT  END  OF  NENBER  TO  SECTION  UNDER  EXAMINATION  IS 

108.0000 

SFY  =  ,  .GOOD- 

SFZ  = 

.0000 

SHr2  =  .0000 

SHY3  = 

.0000 

3HY4  =  .0000 

SHZ2  =  .0000 

SHZ3  = 

.0000 

BNY  =  .0000 

BHZ  -- 

.  0000 

BSYI  =  .0000 

BSY3  = 

.0000 

BSZl  =  .0000 

BSZ3  ^ 

,0000 

AXSTR  -  .0000 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  = 

.50000000  E!lDlN-3 

AT  32.40000  FROM  LEFT  fj;d 

PHI--  .97777E-02 

PHI1=  .OOSA-IE-OS 

PHIZ--  -.534886-10 

r:ii2=  .20023t-07 

TOR.  SHR.  WEB  = 

.051776  TOR.  SHR.  FLANGE  = 

.050862 

WARP.  SHR.  bif..  AT  2  r 

-.006555  WARP. 

SHR,  STR.  AT  3  = 

-.005687  KARP.  SHR,  SIR 

WARP.  NOR.  STR.  AT  1 

-.000020  WARP. 

NOR.  STR.  .‘.T  3  = 

-.000009 

,(’e27?3 


COHBINEO  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  ,051776 
HARP.  SHR.  STR.  AT  2  =  -.OOGSSS 
HARP.  NOR.  STR.  AT  1  --  -.000020 


TOR.  SHR,  FLANGE  -- 
WARP.  SHR,  STR.-  AT  .1  = 
WARP.  NOR.  STR.  AT  3  ■- 


.050862 

-.005687  WARP.  Sh'R.  SIR,  AT  4 
-.000005 


.002733 


C-100 


KORHAL  SrflRSSES  (KS!) 


POIHl 

.  RITIIOUT  TORSION 

TORSION  ONLY 

COKOINED  STRESS 

1 

.000000 

-.000020 

-.000020 

3 

.000000 

.000003 

.000003 

5 

.000000 

-.000009 

-.000003 

7 

.000000 

.000020 

.000020 

SHEAR 

STRESSES  (USD 

POINT 

RITHOm  TORSION 

TORSION  ONLY 

COmUNED  STRESS 

2 

.000000 

.043903 

.043903 

21 

.ooooc'o 

-.057822' 

-.037522 

0 

.000000 

.045175 

.045175 

3! 

.000000 

-.05S543 

-.056349 

4 

.000000 

.  vibrus/ 

-.048983 

41 

.OtA'OOo 

.Oj'i  j6’3 

.054583 

5 

.000000 

-.045175 

-.045175 

31 

.  000000 

.058543 

.058543 

6 

.000000 

-.043903 

-.043903 

SI 

.000000 

.057822 

.057822 

POINT 

LOCATIONS  OF  COHPUTEO  STRESSES 

( 

I 

! 

3  2  1 

nnnnn 

X  I 
I  I 
X  I 
I  I 
X  I 
I  I 

*U . 4-1--- 

X 

X 

X 

X 

X 

X 

XIXIXXXXXX 
5  6  7 


r-iOi 


INPUr  DATA  PROBLEM.'.IO  -  Part  (b) 


CHANNEL  SECTION  C12)(30 


AREA: 

8.8200 

THH: 

.5100 

THF: 

.5010 

lY: 

5.1400 

SY: 

2.0600 

SYS: 

7.6300 

IZ: 

IG2.0000 

S7: 

27.0000 

ZD: 

3.1700 

J: 

.8650 

CW: 

151.2351 

NNl: 

11.7397 

CO 

6.0047 

SW3: 

.4-.  9067 

SH4: 

-2.4534 

E: 

29000.0000 

5: 

11200.0000 

QY2: 

7.1897 

0Y3: 

8.3967 

QY4: 

16.8261 

QZ2: 

1.5606 

023: 

1.5166 

LENGTH: 

108.0000 

SECTIONS  WHERE  STRESSES  ARE  TO  BE  CHECKED 
.0000 
32.4000 
108.0000 


C-102 


LEFT  END  FORCES 


FT;  .0000  FY:  .0000  FZ:  .0000 

NI:  5.4000  HY:  .0000  HZ:  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  Y-DIR 

NY:  '  .0000  LAY:  .0000  LBY:  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  2-DIR 

NZ:  .0000  LAZ:  .0000  L8Z:  .0000 

UNIFORMLY  DITRIBUTED  TORSIONAL  LOAD  IS 
NT:  -.2000  LI:  108.0000 

MEMBER  END  CONDITIONS  ARE  FII-FRE 


C-1C3 


BIST/MiCE  FROH  LEFI  END  OF  REMBER  TO  SECTION  UN0E3  EKAKIHATIOH  IS 


.0000 


SFY  = 

.0000 

SFZ  : 

.0000 

SHY2  = 

SHY4  : 

.0000 

.0000 

SHY3  : 

.0000 

SHZ2  = 

.0000 

SliZ3  : 

.0000 

B«Y  = 

.0000 

BHZ  : 

.0000 

BSYl  : 

.0000 

BSY3  : 

.0000 

BSZl  = 

.0000 

DSZ3  : 

.0000 

AISTR  =  .0000 


UNIFORHLY  DISTRIBUTED  TORSIONAL  HOKENT  =  -.20000000  ENDING  AT  lOS.OCOOO  "Zr  LEE'  ENE 

PHI:  .OOOOOEtOO  PHI!:  .OOOOOE+00  PHI2:  -.STOO-IE-OA  rn'.Z-  .AOEOCS-C'E 


TOR.  SHR.  WEB  :  .000000  TOR.  SIIR.  FLANGE  =  .COOOCO 

WARP.  SHR.  SIR.  AT  2  =  -1.711800  WARP.  SHR.  STR.  AT  3  --  -I.33370S  WARF.  S‘'R.  SIR.  A'  i 

WARP.  NOR.  STR.  AT  1  :  -28.731030  WARP.  NOR.  STR.  AT  3  :  -12.28S250 


COH8INEO  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  :  .000000  TOR.  SHR.  FLANGE  =  .000000 

WARP.  SHR.  STR.  AT  2  =  -1.71  1800  WARP.  SHR.  STR.  AT  3  ^  -1.308705  WARP,  S'-'R.  S'P,  A'  J 

WARP.  NOR.  STR.  AT  1  :  -28.731930  WARP.  NOR.  STR.  AT  3  =  -12.286250 


C-104 


NORNAL  SfRESSt'S  (ICSI) 


POINT 

NIIHOUT  TORSION 

TORSION  ONLY 

CONFINED  STRESS 

1 

.000000 

-2P. 731 330 

-28.731330 

3 

. 000000 

12.236250 

12.286250 

5 

.('00000 

-12.236250 

-12.236250 

/ 

. 000000 

28.731330 

23.731330 

SHEAR 

STRESSES  (USD 

POINT 

NITHCOT  TORSION 

TORSION  ONLY 

') 

.000000 

-I. 711303 

-1.711305 

21 

.000000 

-:.:!18C-3 

-I . ;  1  Ic*'-' 

3 

,000000 

•1.333755 

-1.335755 

3! 

.000000 

•!. 338735 

-!.3387':5 

4 

.000000 

.587055 

.637055 

4! 

.000000 

.637055 

.637055 

5 

.000000 

1.353735 

1.353755 

SI 

.000000 

!. 330735 

1.333735 

6 

.000000 

1.711805 

1.711305 

61 

.000000 

I.’IIOO'T 

1. 711603 

POINT 

LCCATICNS  OF  COMPUTED  STRESSES 

I 

I 

I 

I 

3  2  1 

nnnnn 
X  ! 
r  ! 

I  1 
I  ! 
t  I 
I  I 

*!< . 4-J  -- 

I 

X 

V 
A 

X 

V 

X 

XXIXIXXXXX 
5  6  7 

C-105 


OISFANCE  FROM  LEFF  END  OF  MEMBER  TO  SECTION  UNDER  EMINATION  IS  32, -1000 


SFY  = 

■  .0000 

SFZ  - 

.0090 

SHY2  -- 

.0000 

SHY3  = 

.0000 

SHY4  = 

,0000 

SH22  = 

.0000 

SH23  = 

,0000 

BMY  = 

.0000 

BMZ  = 

.0000 

BSYl  = 

.0000 

BSY3  = 

.0000 

8SI1  -- 

.0000 

8SZ3  -- 

.0000 

AKSTR  = 

.0000 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  -.20000000  ENDING  AT  108.00000  FROM  LEFT  END 

PHI--  -.2‘1‘lfiSE-Ol  PHIh  -.10860E-02  PHI2^  -.23I05£-0d  PHI3=  .IO-ISSE-OS 

TOR.  SHR.  NEB  =  -G. 203338  TOR,  SHR.  FLANGE  =  -6.093867 

HARP.  SHR.  STR.  AT  2  =  -.364445  WARP.  SHR.  STR.  AI  3  =  -.297304  WARP.  SHR.  SIR,  AT  4 

WARP.  NOR.  STR.  AT  I  =  -.956837  WARP.  NOR.  STR.  AT  3  ^  .  -.403159 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  =  -6,203338  TOR.  SHR.  FLANGE  =  -6.093067 

HARP.  SHR.  ST*  AT  2  =  -.364445  WARP.  SHR.  STR.  AT  3  --  -.297804  WARP.  SHR.  STR.  AT  4  .146 

WARP,  NOR.  STR.  AT  1  =  -.956837  WARP.  NOR.  STR.  AT  3  =  -.409159 


C-106 


KOMAL  STRESSES  (CSI) 


POINT  NITHOUT  TORSION  TORSION  ONLY  COMBINED  STRESS 


1 

.000000 

-.3SG837 

-.956037 

3 

.000000 

.4  03 15-3 

.403153 

5 

.000000 

-.403159 

-.403153 

7 

.000000 

.35603/ 

.356837 

SHEAR 

STRESSES  (T.S1) 

POINT 

NITHOUT  TORSION 

TORSTON  ONLY 

COMBINED  STRESS 

2 

.000000 

-6.45B312 

-6.458312 

2! 

.000000 

5.723422 

5. 723422 

3 

.000000 

-6.331671 

-6. 331671 

31 

.000000 

5.736062 

5.736062 

4 

.000000 

6.349612 

6.343612 

41 

.000000 

-6.057063 

-6.057063 

5 

.000000 

6.391671 

6.351671 

5! 

.000000 

-5.736052 

-5. ’36062 

6 

.000000 

6.458312 

6.458312 

61 

.000000 

-5.723422 

-5.723422 

POINT 

LOCATIONS  OF  COMPUTED  STRESSES 

♦Y 

1 

I 

I 

3  2  1 

nnixxm 

X  1 
i  I 

X  I 

X  I 

X  I 

X  I 

+2< . 4-T— 

I 

t 

T 

X 

I 

X 

muniu  c-107 
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DISTANCE  FROH  LEFT  END  OF  HENBER  TO  SECTION  UNDER  ETAHINATION  IS  108.0000 


SFY  = 

.0000  , 

SFZ-  = 

.0000 

SHY2  = 

.0000 

SHY3  = 

.0000 

SHY4  = 

.0000 

SHZ2  = 

.0000 

Sfl23  = 

.0000 

BMY  = 

.0000 

8MZ  = 

.0000 

BSYl  = 

.0000 

BSY3  ^  ^ 

.0000 

BSZl  -- 

.0000 

-  BSZ3  = 

.0000 

ATSTR  = 

.0000 

UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  -.20000000  ENDING  AT  108.00000  FROH  LEFT  END 

PHI=  -.82194E-01  PHIb  -.41152E-03  PHI2=  -.80697E-C8  PKI3-  -.30302E-Ob 


TOR.  SHR.  WEB  = 
HARP.  SHR.  STR,  AT  2  = 
HARP.  NOR.  STR.  AT  1  = 


-2.350590  TOR.  SHR.  FLANGE  = 

.315955  WARP.  SHR.  STR.  AT  3  = 

-.002747  WARP.  NOR.  STR.  AT  3  = 


-2.309109 

.258180  WARP.  SHR.  STR.  AT  4 
-.001175 


-.126812 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HEB  =  -2.350590 
HARP.  SHR.  STR.  AT  2  =  .315955 
HARP.  NOR.  STR.  AT  1  =  -.002747 


TOR.  SHR.  FLANGE  =  -2.309109 
WARP.  SHR.  STR.  AT  3  =  .258180 
WARP.  NOR.  STR.  AT  3  =  -.001175 


WARP.  SHR.  STR.  AT  4  -.126812 


C-108 


NORMAL  STRESSfS  (RSI) 


POINT 

.HITHOUT  TORSION 

TORSIOtl  ONLY 

COMBINED  STRESS 

1 

.000000 

-.002747 

-.002747 

3 

.000000 

.001175 

.001175 

5 

.000000 

-.001175 

.-.001175 

7 

.000000 

.002747 

.002747 

SHEAR 

STRESSES  (RSI) 

POINT 

NIIHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2 

.000000 

-1.533155 

-1.953155 

21 

.000000 

2. 625064 

2.625064 

3 

.000000 

-2.050925 

-2.050529 

31 

.000000 

2.567290 

-  2.567290 

■I 

.000000 

2.223778 

2.223770 

41 

.000000 

-2.477403 

-2.477403 

5 

.000000 

2.050929 

2.050929 

51 

.000000 

-2.567290 

-2.567290 

6 

.000000 

1.953155 

1.993155 

61 

.000000 

-2.625064 

-2.625064 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


I 

I 

1 

I 

3  2  I 

mumn 

X  I 
X  I 
X  I 
I  I 
X  I 
X  I 

+  I< . 4-X-- 

I 

X 

'  X 
X 
X 
X 

xxxxxxxxxx 

5  G  7  C109 


TORSION"  PROGRAM  INPUT  FILE 


Probi em: 
Beam  Selected: 
End  Conditions: 


11 

C5x9 

Fixed-Free 


'CHANNELS'  'C5x9' 

2.64  0.325  0.320 

5.0  1.885  0.478 

0.632  0.45  1.322 

8.9  3.56 

0.109  29000.0  11200.0 

42.0 

3 

0.0  12.6  42.0 

0.0  0.0  0.0 

-40.0  0.0  0.0 

'FIX-FRE' 

1 

12.6  0.0  0.0  0.0  40.0  0.0  0.0 

0.0  0.0  0.0 
0.0  0.0  0.0 
0.0  0.0 
'Y' 


IKPUT  DATA 


PROBLEM  11 


CHANNEL  SECTION 


AREA: 

2.S400 

THW: 

lY: 

.S320 

SY: 

12: 

B.9000 

SZ: 

J: 

.1090 

CW: 

SH2; 

.4802 

SH3: 

E; 

29000.0000 

G: 

QY2: 

1.053G 

QY3: 

Q22: 

.3167 

QZ3: 

LENGTH: 

42.0000 

SECTIONS  WHERE 

STRESSES  ARE 

C51('3 


.3250 

THE: 

.3200 

.4500 

SYS: 

1.3220 

3.5600 

ZD: 

1.8850 

2.9335 

»N1; 

2.6502 

.3499 

11200.0000 

SW4: 

-.1750 

1.2898 

.3000 

QY4: 

2.1796 

BE  CHECKED 


LEFr  END  FORCES 


FK:  .0000  FY:  .0000  F2:  .0000 

MY:  -lO.OOOO  MY:  .0000  HZ:  .0000 

1  SET  OF  APPLIED  CONCENTRATED  LOADS  ARE  AT  12.60  INCHES  FROM  LEFT  END 

FY:  .0000  FY:  .0000  FZ:  .0000 

MY:  40.0000  MY:  .0000  HZ:  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  Y-DIR  ■ 

HY:  .0000  LAY:  .0000  LBY:  .0000 

UNIFORM  LOAD  ON  MEMBER  IN  Z-OIR 

HZ:  .0000  LA2:  .0000  LBZ:  .0000 

UNIFORMLY  OITRIBUTED  TORSIONAL  LOAO  IS 
HY:  .0000  LY:  .0000 

MEMBER  ENO  CONDITIONS  ARE  FIY-FRE 


C-112 


DISTANCE  FROM  LEFT  END  OF  MEMBER  TO  SECTION  UNDER  ETAMINATION  IS 

.0000 

SFY  -- 

.0000 

SFZ  = 

.0000 

SHY2  = 

.0000 

SHY3  -- 

,0000 

SHY4  -- 

■  .0000 

SHZ2  = 

.0000 

SHZ3  -- 

.0000 

BMY  = 

.0000 

B.MZ  = 

,0000 

BSYl  = 

.0000 

BSY3  -- 

.0000 

BSZl  = 

.0000 

8SZ3  -- 

,0000 

ATSTR  = 

.0000 

TORSION  MOMENT  =  40.0000  LOCATION  --  12.6000 

PH1=  .OOOOOE+00  PHIh  .OO'OOOE+00  PHI2=  .30579E-02  PH!3=  -,'170201-03 

TOR.  SHR.  m  ■  .000000  TOR.  SHR.  FLANGE  =  ,000000 

mp.  SHR.  STR.  AT  2  =  20.464080  WARP.  SHR.  STR.  AT  3  =  14.911760  WARP.  SHR.  '^■R.  AT  4 

HARP.  NOR.  STR.  AT  I  --  235.019900  WARP.  NOR.  STR.  AT  3  =  •  122.418200 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR,  WES  =  .000000  TOR.  SHR.  FLANGE  - 
NARP.  SHR.  STR,  AT  2  =  20.464080  HARP.  SHR.  STR.  AT  3  = 
HARP.  NOR.  STR.  AT  1  -  235.019900  WARP.  NOR.  STR.  AT  3  = 


,000000 

14.911760  WARP.  SHR.  SIR,  AT  4  -7. 341170 

122.413200 


C-113 


NOR«AL  STRESSES  (CSIT 


POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

235.019300 

235.013900 

3 

.000000 

-122.418200 

-122.418200 

5 

.000000 

122.410200 

122.418200 

7 

.000000 

-235.019900 

-235.019900 

SHEAR 

STRESSES  (XSI) 

POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2 

.000000 

20.464080 

20.464080 

21 

.000000 

20.464080 

20.464080 

3 

.000000 

14.911760 

14.911760 

31 

.000000 

14.911760 

14.911760 

4 

.000000 

-7.341170 

-7.341170 

41 

.000000 

-7.341170  ■ 

-7.341170 

5 

.000000 

-14.911760 

-14.911760 

51 

.000000 

-14.911760 

-14.911760 

6 

.000000 

-20.464080 

-20.464080 

61 

.000000 

-20.464080 

-20.464080 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

I 

I 

I 

1 

3  2  1 

XXXXXXXIXX 

X  I 

I  I 

X  I 

X  I 

X  I 

X  I 

+7< . 4-X— 

I 

I 

X 

X 

X 

X 

XXXIXXIXXX 

5  E  7 


C-IU 


DISTANCE  FROM  LEFT  END  OF  HEHBEfi  TO  SECTION  UNDER  ETAHINATIQN  IS  12.6000 


SFY  = 

.0000 

SFZ  = 

.0000 

:  SHY2  = 

.0000 

SHY3  = 

.0000 

■SHY4  = 

.0000 

SHi2  = 

.0000 

SHZ3  -- 

.0000 

'■..■•SHY  * 

.0000 

BNZ  ^ 

.0000 

,:;^BSYI  = 

.0000 

BSY3  ^ 

.0000 

^'bszi  * 

.0000 

BSZ3 

.0000 

ATSTR  = 

.0000 

TORSION  NONENT  =  40.0000  LOCATION  =  12.6000 

PHI=  .116B5E+00  •  PHI1=  .994B8E-02  PHI2-  -.11897E-02  PHI3=  -.32743E-03 


TOR.  SHR.  WEB  = 

36.213790 

TOR,  SHR.  FLANGE  = 

35.656660 

HARP.  SHR.  STR.  AT  2  = 

14. ’50400 

WARP.  SHR.  STR.  AT  3  - 

10.383970  HARP.  SHR.  STR.  AT  4 

-5,11 

2107 

NARP.  NOR.  STR.  AT  1  = 

-91.437760 

HARP.  NOR.  STR.  AT  3  = 

-47.628510 

COMBINED  TORSIONAL  INDUCED 

STRESSES 

TOR.  SHR.  WEB  = 

36.213790 

TOR.  SHR.  FLANGE  ^ 

35.656660 

NARP.  SHR.  STR.  AT  2  = 

14.250400 

HARP.  SHR.  STR.  AT  3  - 

10.383970  HARP.  SHR.  SIR.  AT  4 

-5.112107 

HARP.  NOR.  STR.  AT  1  = 

-91.437760 

WARP.  NOR.  STR.  AT  3  = 

-47.628510 

NORMAL  STRESSES  (KSI) 


POINT 

.NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

.000000 

-91.437760 

-91.437760 

3 

.000000 

47.62B510 

47.628510 

5 

.000000 

-47.628510 

-47.62B510 

7 

.000000 

91.437760 

91.437760 

SHEAR 

STRESSES  (TSn 

POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2 

.000000 

49.907050 

49.907050. 

21 

.000000 

-21.406260 

-21.406260 

3 

.000000 

46.040630 

46.040630 

31 

.000000 

-25.272690 

■  -25.272690 

4 

.000000 

-41.325900 

-41.325900 

41 

.000000 

31.101690 

31.101690 

5 

.000000 

-46.040630 

-46.040630 

SI 

.000000 

25.272690 

25.272690 

6 

.000000 

-49.907050 

-49.907050 

61 

.000000 

21.406260 

21.406260 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


I 

I 

1 

I 

3  2  1 

mninn 

X  I 
I  I 
X  I 
X  I 
X  I 
I  I 

m . 4-1— 

X 

X 

X 

X 

X 

X 

XXXXIXXXXX  C-116 

5  6  7 


DISTANCE  FROM  LEFT  END  OF  HEMBER  TO  SECTION  UNDER  EIAHINATION  IS  42.0000 


SFY  = 

.0000 

SFZ  = 

.0000 

SHY2  = 

.0000 

SHY3  = 

.0000 

SHY4  - 

.0000 

SHZ2  = 

.0000 

SHZ3  = 

.0000 

BHY  = 

.0000 

3MZ  = 

.0000 

BSYl  = 

.0000 

BSY3  = 

.0000 

BSZl  = 

-X  • 

.0000 

8SZ3  = 

.0000 

Ai'STR'W 

.0000 

TORSION  MOMENT  =  40.0000  LOCATION  =  12.6000 

PHI=  .19976E+00  PHI1=  .58739E-03  PH12=  .18900E*08  PHI3=  .84233E-05 

TOR.  SHR.  NEB  =  2.138084  TOR.  SHR.  FLANGE  =  2.105131 

HARP.  SHR.  STR.  AT  2  =  -.366860  HARP.  SHR.  STR.  AT  3  =  -.267323  WARP.  SHR.  STR.  AT  4 

HARP.  NOR.  STR.  AT  1  =  .000145  WARP.  NOR.  STR.  AT  3  -  .000076 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  WEB  = 

HARP.  SHR.  STR.  AT  2  = 

HARP.  NOR.  STR.  AT  1  = 


i 

i 


2.138084  TOR.  SHR.  FLA.NGE  ^  2.105131 

-.366860  HARP.  SHR.  STR.  AT  3  =  -.267323  HARP.  SHR.  STR.  AT  4 

.000145  HARP.  NOR.  STR.  AT  3  =  .000076 


.C-117 


NORMAL  STRESSES  (KSI) 


NITHOUT  TORSION  TORSION  ONLY  COKBINED  STRESS 


1 

.000000 

.000145 

.000145 

3 

.000000 

-.000076 

-.000076 

5 

.000000 

.000076 

.000076 

7 

.000000 

-.000143 

-.000145 

SHEAR 

STRESSES  (RSI) 

POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2 

.000000 

1.738331 

I. 738331 

21 

.000000 

-2.472050 

-2.472030 

3 

.000000 

1.037B67 

1.837867 

31 

.000000 

-2.372314 

-2.372514 

4 

.000000 

-2.006479 

-2.00647? 

AI 

.000000 

2.269683 

2.26966? 

5 

.mm 

-1.827867 

-1.B37B67 

51 

.000000 

2.372514 

2.372514 

6 

.000000 

-1.738331 

-1.738331 

61 

.000000 

2.472050 

2.472050 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


I 

I 

I 

I 

3  2  I 

mmnu 

T  1 
I  I 
i  I 
I  1 
I  1 
I  I 

*l( . 4-J-' 

I 

X 

I 

X 

I 

X 

mmnu 
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TORSION"  PROGRAM  INPUT  FILE 


Probi em: 
Beam  Selected; 
End  Conditions; 


12 

MC18x42 
F i xed-Free 


'CHANNELS'  'MC18x42' 

12.6  0.45  0.625 

18.0  3.95  0.877 

14.4  4.69  . 16.42 

554.0  61.6 

1.23  29000.0  11200.0 

192.0 

3 

0.0  96.0  192.0 

0,0  -2.0  0.0 

-38.4  0.0  576,0 

'FIX-FRE' 

2 

96.0  0.0  -2.0  0.0  0.0  0.0  0.0 
192.0  0.0  4.0  0.0  0.0  0.0  0,0 
0.0  0.0  0.0 
0.0  0.0  0.0 
0.4  96.0 

'Y' 


C-119 


1 


INPUr  DATA 


PROBLEM,  12 


CHANNEL  SECTION  HC18X42 


.  AREA: 

12.6000 

THW: 

.4500 

THE: 

,6250 

lY: 

14.4000 

SY: 

4.6900 

SYS; 

16.4200 

IZ: 

554.0000 

SZ: 

61.6000 

ZD: 

3,9500 

J: 

1.2300 

CM: 

852.2015 

UNI: 

21.9871 

SH2: 

17.3896 

SH3: 

13.5185 

SW4: 

-6.7592 

E: 

29000.0000 

8; 

11200.0000 

QY2: 

16.6854 

QY3: 

20.2256 

QY4; 

37.2069 

QZ2: 

2.9510 

QZ3: 

2.8182 

LENGTH: 

192.0000 

SECTIONS  WHERE  STRESSES  ARE  TO  BE  CHECKED 
.0000 
96.0000 
192.0000 


10.3739 


C-120 


LEFT  END  FORCES 

FX:  .0000  FY:  -2.0000  F2:  .0000 

HXj  -38.4000  HY:  .0000  HZ:  57S.0000 

1  SET  OF  APPLIED  CONCENTRATED  LOADS  ARE  AT  96.00  INCHES  FROH  LEFT  END 

FX:  .0000  FY:  -2.0000  FZ:  .0000 

HX:  .0000  HY:  .0000  HZ:  .0000 

2  SET  OF  APPLIED  CONCENTRATED  LOADS  ARE  AT  192.00  INCHES  FROH  LEFT  END 

FX:  .0000  FY:  4.0000  FZ:  .0000 

NX:  .0000  HY:  .0000  HZ:  .0000 

UNIFORH  LOAD  ON  NEKBER  IN  Y-DIR 

HY:  .0000  LAY:  .0000  LBY:  .0000  ’ 

UNIFORH  LOAD  ON  HEHBER  IN  Z-DIR 

HZ:  .0000  LAZ:  .0000  LBZ:  .0000 

UNIFORHLY  DITRIBUTED  TORSIONAL  LOAD  IS 
HX:  .4000  LX:  96.0000 

HEHBER  END  CONDITIONS  ARE  FIX-FRE 


C-121 


OlSTAHCE  FfiOH  UFT'ENO  Of  HEHBER  10  SECTION  UNDER  EIAHINATION  IS  .0000 


SFY  = 

2.0000 

SFZ  = 

.0000 

SHY2  -- 

-.0964 

SHY3  = 

-.1168 

SHY4  = 

.2985 

SHZ2  = 

.0000 

SH23  = 

.0000 

BHY  = 

.0000 

BHZ  = 

-576.0000 

BSYl  ^ 

.0000 

BSY3  = 

.0000 

BSZl  = 

9.3506 

8SZ3  = 

9.3506 

AXSTR  =  .0000 


UNIFORHLY  DISTRIBUTED  TORSIONAL  MOHENT  =  . <10000000  ENDING  AT  96.00000  FRDH  LEFT  END 

PHI=  .00000£*00  RHll:  .000006+00  PHI2=.  .39B02E-04  PHI3=  -. 15538E-05 

TOR.  SHR.  NEB  -  .000000  TOR.  SIIR.  FLANGE  =  .000000 

NARP.  SHR.  STR.  AT  2  =  1.2527U  HARP.  SHR.  SIR.  AT  3  --  .974622  HARP.  SHR.  STR.  AT  4  -.67692! 

HARP.  NOR.  STR.  AT  1  =  25.37B820  HARP.  NOR.  STR.  AT  3  =  11.974170 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HEB  --  .000000  TOR.  SHR.  FLANGE  =  .000000 

HARP.  SHR.  STR.  AT  2  =  1.253714  HARP.  SHR.  STR.  AT  3  =  .974622  HARP.  SIIR.  STR.  AT  4  -.676821 

HARP.  NOR.  STR.  AT  1  =  25.37BB20  HARP.  NOR.  STR.  AT  3  =  11.974170 


C-122 


NOIHAI  SrRESSES  (KSI) 


POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

9.350650 

25.378820 

34.729470 

3  . 

•  9.350650 

-11.974170 

-2.623524 

5 

-9.350650 

11.974170 

2.623524 

7 

-9.350650 

-25.378820 

-34.729470 

SHEAR 

STRESSES  (XSI) 

POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2 

-.096378 

1.253714 

1.157336 

21 

-.096378 

1.253714 

1.157336 

3 

-.116826 

.974622 

.857796 

31 

-.116826 

.974622 

.857796 

4  . 

.298491 

-.676821 

-.378330 

41 

.298491 

-.676821 

-.'378330 

5 

.116826 

-.974622 

-.857796 

51 

.116826’ 

-.974622 

-.857796 

fi 

.096378 

-1.253714  • 

-1.157336 

61 

.096378 

-1.253714 

-1.157336 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


tY 

1 

I 

I 

I 

3  2  1 

inunin 

X  I 
i  I 
X  I 
X  I 
X  I 
X  I 

+Z< . 4-X— 

'l 

X 

X 

X 

X 

X 

XXIXXXXXXX 
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DISTANCE  FflON  LEFT  END  OF  HENBER  TO  SECTION  UNDER  EXAMINATION  IS  96.0000 


SPY  = 

2.0000 

SFZ  = 

.0000 

SHY2  = 

-.0964 

SKY3  = 

-.1168 

SHY4  = 

.2985 

SHZ2  » 

.0000 

SHZ3  - 

.0000 

BMY  = 

.0000 

BHZ  = 

-768.0000 

BSYl  = 

.0000 

BSY3  :: 

.0000 

BSZl  = 

12.4675 

8SZ3  = 

12.4675 

AXSTR  =  .0000 


UNIFORMLY  DISTRIBUTED  TORSIONAL  MOMENT  =  .40000000  ENDING  AT  96.00000  FROM  LEFT  END 

PHI=  .49015E-01  PHI1=  .32272E-03  PH!2=  -.74574E-05  '  '  PHI3=  .17989E-06 

TOR.  SHR.  HEB  =  1.626527  TOR.  SHR.  FLANGE  =  2.259065 

HARP.  SHR.  STR.  AT  2  -  -.145151  HARP.  SHR.  STR.  AT  3  =  -.112839  WARP.  SHR.  STR.  AT  4  .078360 

HARP.  NOR.  STR.  AT  1  =  -4.755027  HARP.  NOR.  STR.  AT  3  =  -2.243506 


COMBINED  TORSIONAL  INDUCED  STRESSES 

TOR.  SHR.  HEB  -  1.626527  TOR.  SHR.  FLANGE  =  2.259055 

HARP.  SHR.  STR.  AT  2  =  -.145151  WARP.  SHR.  STR.  AT  2  =  -.112833  KARP.  SHR.  STR.  AT  4  .078360 

HARP.  NOR.  STR.  AT  1  =  -4.755027  HARP.  NOR.  STR.  AT  3  =  -2.243506 


.  % 
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NORMAL  STRESSES  (XSI) 


POINT 

HITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

12.'467530 

-4.755027 

7.712506 

3 

12.467530 

2.243506 

14.711040 

5 

-12.467530 

-2.243506 

-14.711040 

7 

-12.467530 

4.755027 

-7.712506 

SHEAR 

STRESSES  (XSI) 

POINT 

HITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2 

-.096378 

2.113914 

2.017536 

21 

-.096378 

-2.404217 

-2.500594 

3 

-.116826 

2.146226 

2.029400 

31 

-.116826 

-2.371904 

-2.488731 

4 

.298491 

-1.548167 

-1.249675 

41 

.298491 

1.704887 

2.003378 

s 

.116826 

-2.146226 

-2.029400 

51 

.116826 

2.371904  . 

2.488731 

6 

.096378 

-2.113914 

-2.017536 

51 

.096378 

2.404217 

2.500594 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 


I 

I 

I 

I 

3  2  1 

nmmu 

i  I 
I  I 
X  I 
X  I 
X  I 
I  I 

+Z< . 4-X— 

1 

X 

X 

X 

X 

X 

xxxxxxxxxx 
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I 


DISTANCE  FROM  LEFT  ENO'  OF  HEMBER  TO  SECTION  UNDER  EIANINATIOM  IS 

192.0000 

SFV  = 

4.0000 

SFZ  = 

.0000 

SHY2  = 

1928 

SHY3  ^ 

-.2337 

SHY4  = 

.5970 

SHZ2  -• 

.0000 

SH23  = 

.0000 

BNY  =  - 

.0000 

8HZ  -- 

•1152.0000 

.  BSYl  =  -  ' 

.0000 

BSY3  = 

.0000 

8S21  - 

18.7013 

8S23  = 

18.7013 

AXSTR  = 

.0000 

UHIFORKLY  DISTRIBUTED 

TORSIONAL  KOHENl 

■  =  .40000000  ENDING  AT 

36.00000  FROM  LEFT  END 

PHI=  .62393E-01 

mu  .662056-04  PHI2=  -.2532SE-09 

PH13=  .26304E-07 

TOR.  SHR.  HEB  -- 

.333675 

TOR.  SHR,  FLANGE  = 

.463438 

HARP.  SHR.  STR.  AT  2  = 

-.029777 

HARP.  SHR.  STR.  AT  3  - 

-.023148  HARP.  SHR.  STR.  AT  4 

HARP.  NOR.  STR.  AT  1  = 

-.000161 

HARP.  NOR.  STR.  AT  3  ^ 

-.000076 

1 

COMBINED  TORSIONAL  INDUCED 

TOR 

SHR 

HEB  = 

•;HARP. 

SHR. 

STR. 

AT  2  = 

1  "i 

1  .1  ./•  V*  *_ 

iHARP. 

NOR. 

STR. 

AT  1  * 

Vl'Pi?  ;'  . 

STRESSES 

.333675  TOR.  SHR.  FLANGE  - 
-.02S777  HARP.  SHR.  STR.  AT  3= 
-.000161  HARP.  NOR.  STR.  AT  3  = 


.463438 

-.023148  WARP.  SHR.  STR.  AT  4  .016075 

-.000076 


j 


j 
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NOmi  STRESSES  (KSI) 

POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

1 

18.701300 

-.000161 

18.701140 

3 

18.701300 

.000076 

18.701380 

5 

-18.701300 

-.000076 

-18.701380 

7 

-18.701300 

.000161 

-18.701140 

SHEAR 

STRESSES  (XSl) 

POINT 

NITHOUT  TORSION 

TORSION  ONLY 

COMBINED  STRESS 

2 

-.192756 

.433661 

.240905 

21 

-.192756  ■ 

-.493215 

-.685971 

3 

-.233653 

.440289 

.206636 

31 

-.233653 

-.486586 

-.720239 

4 

.596982 

-.317600 

.279383 

41 

.596982 

.349750 

.946733 

5 

.233653 

-.440269 

-.206636 

SI 

.233653 

.486586 

.720239 

6 

.192756 

-.433661 

-.240905 

SI 

.192756 

.493215 

.685971 

POINT  LOCATIONS  OF  COMPUTED  STRESSES 

I 

I 

I 

I 

3  2  1 

XXIIXXXXXX 

X  1 

X  I 

X  I 

X  1 

X  I 

I  I 

+2( . 4-1— 

I 

X 

X 

X 

X 

X 

xxxixnxxx 
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APPENDIX  D 


GTSTRUDL  INPUT/OUTPUT  FILE  PRINTOUTS 


Problem  No.  Beam  Selected  End  Conditions 


I 

W14xir. 

Fi xed-Free 

2 

W14xll 9 

Pi nned-Fi xed 

3 

W12x7'.. 

Pinned-Pinned 

4 

W14xi  . 

Fi xed-Fi xed 

5 

W8x:  3 

F i xed-Free 

6 

W10x45 

Fi xed-Free 

7 

W6xl5 

Fixed-Free 

8 

W8x67 

Fi xed-Free 

9 

C10x2C 

Fixed-Free 

10 

C12x'  ) 

Fi xed-Free 

11 

C5x 

Fi xed-f ree 

12 

MClJy 

Fixed-Free 
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RCLEASe  gate 


*•••  active  units  • 

••••  ASSUMED  TO  SE 


WE  I  CHT 
POUND 


COMPLETION  NO. 


TEMPERATURE 

FAHRENHEIT 


UNITS  KiPS  INCHES 
JOINT  CQQROtNATCS 
*000  SUPPORT 


TYPE  SPACE  PRAMS 
MEMOBR  INCIDENCES 


IS’d'Ni'rKHYX . 

e  itooo 

C  11200 

MEMOER  PROPERTIES  TAIL!  'STCELWlt* 


I  TASLt 
LOAOINC  1 
MEMOER  LOAD 

1  PORCe  V  CLOSAl  CONC  P  ‘5  L  210  '  ' 

»4\!Vim*'T'd'A6 . 

1  MOMENT  X  CLOIAL  UNIFORM  W  .25  LA  0  LB  210 

MIMIBR  LOAD 

1  MOMENT  X  OLOSAL  CONC  BO  L  210 


aiirrMcaa  aHaLrais 

TIME  FOR  CONSISTENCY  CHECKS  FOR  I  MEMBERS 

TIME  FOR  RANOWIOTN  REOUCTtON 

TIME  to  GENERATE  1  ELEMENT  STIF.  MATRICES 

. yHYMisR  xoAbi . 

TIME  TO  ASSEMBLE  THE  STIFFNESS  MATRIX 

TIMS  TO  PROCESS  2  JOINTS 

TIME  TO  SOLVE  WITH  I  PARTITIONS 


TIME  TO  PROCESS  1  ELEMENT  OISTORTIONS 

TIME  FOR  STATICS  CHECK 
OUTPUT  BY  MEMBER 


0.14  SECONDS 
0.00  SECONDS 
0.07  SECONDS 
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a  llcansa  oflrooioont  owocutad  by  CThC  or  tts  autneriygd  roprosont  at  ivas  and 
no  right,  trivia  or  Intarast  tho'ro^o  ^ts  Convoyed  or  orantuO  h«r«ln  nutwi  i  h  • 
Standing  roealpt  or  pessass)on  horoof.  0  ac  omp  I  1  a  t  «  on  of  tho  ofijoct  coda 
Is  Strictly  pronlbltod. 


. d  aor'g  Va  '  Y  ac  n  Aastiarch  Corporat  ton 

Caorgia  instltuta  of  'Tochnolegy 
Atlanta.  Caergia  3033?  U.S.A. 

Copyr  i  gnt  TtH  CDTC  ~ 

AIL  S  1  CHTS  RescKveo. 

/ITS  SAVe«CTI  STRU0L:CTIST»lOi.C0B/lf_l*USeR0AT.a5/l  F_?  tCT!^STh's;OL;CT!STtt01.CS/NOOUMP/Jf__3iDVTCMr.TMr/TFMroRAnv/:'_**CTl_;*BL'5v:HCL 
T.OsT^OOL  I HC»  •  I  SS** / I  F  7 f FLOTf  I  L  . 0$ /WR ! Tf /MOl r  0«*« 

■S7*o'6‘l""*  WT4'xVS'»"'""'>'rN  WKo'*  /  l  x  f  b  ■ . . . 

•••CTSTRUOL*** 

RCICASE  RATE  VERSION  HQQ  LEVEL  CQMRLETION  NO. 

— mnnrmrn — tst? - ttsttax - i - ttst 

•  •••  ACTIVE  UNITS  •  lEMCTM  V/EICHT  ANCLE  TEMf*CRATURC  TIME 

ASSUMEQ  TO  BE  INCH  ROUND  RAOtAN  rAHRCKHEtT  SCCQNQ 


UNITS  KIRS  INCHES 
JOINT  COOROIHATCS 
*A'  0  O  O  SURRORT 

"^i'^~43a"  6‘ 0  ijn^'ffrr - 

TYRE  SPACE  FRAME 
MEMBER  INCIDENCES 
I  *  A  *  *  D  • 

■J’dlNf'ltELE’A'i'fS . 

'A'  MOMENT  V  MOMENT  J 

CONSTANTS 
t  3SOOO 

e  11967 - 

MEMBER  RRORERTIES  TABLE  'STEELTt' 

I  TABLE  ‘STBELTA*  ‘WtaxiSB* 

LOAOtNC  t 

ME'Mft'E'k'L'OXO . 

I  FORCE  Y  GLOBAL  CONC  R  ‘13  L  10S 
MEMBER  LOAD 

1  MOMENT  X  GLOBAL  UNIFORM  W  .7S  LA  0  LB  43? 

YTTKniTfr  iMAivrn - 

TIME  FOR  CONSISTENCY  CHECKS  FOR  1  MEMBERS  0.13  SECONDS 

TIME  FOR  BANOWIOTM  REDUCTION  0.00  SECONDS 

TIME  TO  GENERATE  I  ELEHCNT  STIF.  MATRICES  0.04  SECONOS 

Y'f  ME’‘"tb‘*l»RO'C'ESS . I  'MEMB'ER  '  CbAbS . . O  .'t'2"srC‘0N0's' 

TIME  TO  ASSEMBLE  THE  STIFFNESS  MATRIX  0.03  SECONOS 

TIME  TO  RROCESS  3  JOINTS  O.OT  SECONDS 

TIME  TO  SOLVE  WITH  1  RARTTTIONS  0.01  SECONOS 

rrucTS'  »i<rei!s - T'TynrrnnTrrATTRTJrn - o.oo  "iccbiisi' 

TIME  TO  PROCESS  1  ELEMENT  DISTORTIONS  0.01  SECONDS 

TIME  FOR  STATICS  CHECK  O.Oi  SECONDS 

OUTRUT  BY  MEMBER 


LIST  SECTION  STRESSES  ROSITION  ALL  MEMBER  1  SECTION  NS  3  9  10ft  433 


•IIIULTS  6F  LATEST  AUiLVSCS. 


RROBLIM 

;  •  WiftXMt  TITLE  • 

RINNEO-FIXEO 

ACT  1 Vt 

UNITS  /nch  K  I  r  RTSTT 

INTERNAL  MEMBER  RESULTS 

MEMBER 

SECTION  STRESS 

OISTANCff  / .  STRESS  . . 

y'R'O’M "START . VdiTfVBM . 'A'x  TaL' . S’'"4 hTA'A' . 2'"S'h£‘aR' . v"  bEn&Tn  t . 2  "a  t  no  i  Nf . .  t  CMs  ;  ml  s'  n  ..  . 


MEMBER  I 


0.000 


o.oooooooF*oo  o.oooooocE*oo  o.oooooooE*oo 

O.OOOOOOOE*00  -0,3STB1«S  -©.OIATARS 

‘d'TocTob'o’do  fTY'o”  o  ,  ddobooot  ♦  oo  o  .  o0ooo”oot‘  0o 

o.oooooooE*oo  o.oooooooE*oo  o.oooooooe^oo 

O . OOOOOOOE *00  -0.3STft145  '0.3»47443 

O  .  OOOOOOOE  •■OO  O  .  OOOOOOOE  *00  O  .  OOOOOOOE  •  O  O 

o'.'  doooooot  •  oo Uo  'tj  t  4  *  »  t  ft . oVoo'o'o'o'odi'  U'oo 


c.oc'C'.»t'oc>r« 
n  oppooocr* 
~o~o’6~y<ro  -yc’  t~ 


o  .  ooocooor ‘ oc 
o  .  oo poooor*oc 

*b  .  o  6  o"oV.“ 

O  .  OOOOOOOC‘00 
O  .  OOOOOOOt  *00 
O  .  OOOOOOOt  ♦ 00 

c'.  ooooooor  •  oc 


o.oeooooot^po 
o  ooooooof • oo 
o.poooooer»pp 

O  O  O  P  O  (■'  '.1  '  ‘I'  o 


c  oppoopcr^po 

o  oot'POopr‘op 

'o  <■  vVf-c  cc  iToT 

c  ,  OCOOOOOf  •0'' 

o  oooooooF'oe 
o  0000000f‘00 

C  0  C'  t  t.  I  ‘Cl.. 


O  OOOOOOOE  *0 


0  .  OOOOOOOC.  •Ov 

.'0^4  00 

0 . GOOOOOOE«Oe 

0  .  oooooooe  *00 

3 . 374t03 

3.374103 

0 . oooooooe  «  00 

C  .  4  S 

0 . 1  24  1  C3 1 

0  .  O000000E400 

3 . 374103 

3 .374*03 

0 . oooooooe«oo 

0  .  QOOOOOOE*00 

0 .  oooooooe  *00 

0 .  oooooooe  «oo 

2 . 374103 

2.374103 

0  .  oooooooe*oo 

0  .  OOOOOOOf *00 

0  .  oooooooe  «00 

0 .  oooooooe  *00 

•  7  . 374*03 

•  7  .374*02 

0 . OOOOO^O^ *00 

0. 706«a4$ 

oTnr4  iTi  1 

0.00  0C0OOE*0O 

•  7  .  aTiToU 

nTJTTTob 

0 . oooooooe«oo 

0  .  OOOOOOOE  *  00 

0 .  oooooooE*oo 

0 . 00O0O00E«00 

-  2  . 37  4  *03 

•2.374103 

0 . oooooooe «oo  0.4475741  o^oooooooc^oo  0 . oooooooe«oo  c . oooooooe*oo  o .  oooooooe« 00 


"GTSTRUDL"  INPUT/OUTPUT  ’ F I LE  PRINTOUT 


Problem:  3 

Beam  Selected;  W12x79 
End  Conditions;  Pi nned-Pi nned 


taken  at  4  Locations 


Location  1;  0  inches 
Location  2:  36  inches 
Locati on  3 :  252  i nches 
Location  4:  360  inches 


n 


GO  k'iM 


2  ?  k-i’N 


CTtCCS/VAX  1.4*130  ••  PrepriAtary  to  tho  CoorQlo  Toeh  Posoarch  Carparatlen 
RCSTRICTCO  RIGHTS  LECCNO 

Usa,  Uuplicatlon.  or  oisclosur*  by  tha  US  Covurni»ont  is  subjac^  to 
raftrletlons  as  sat  #orth  in  subparagraph  IC)  (1)  (it)  of  tha  Rights 
In  Tachnlcal  Data  and  Conpu.ar  Softwara  clausa  at  OTARS  2 53 . 237 > 70 i 3 . 

Yh’ri* **e  Ofi’put’a’r  ’so#  t  w'ar  a*‘*f  s**  aVi  **on'pu6’Vl  sh  od  ’  "  w or  tii’*'‘*c’6’nt*a  Vn’f  no”‘”va  1  ti’ab  1  m’  *t  r  aou . 

sacrats  ownad  by  tha  Caergla  Tacn  Rasoarch  Corporation  (CTRC).  No  aceass. 
usa,  trans^ar.  duplication  or  dlselosura  tharaof  nay  ba  mada  oKcapt  undor 
a  lloansa  agraaaiant  awacutad  by  CTRC  or  its  aothorliod  r  apr  asa»t  at  i  vas  and 
no  right,  t  1 1  1  a  'or  I  nt  or  os  t  ^tharato  Is  convoyud  or  grantod  haroVn  notwith*  ~ 

Standing  racolpt  or  possession  haraof.  0 ocomp I  1  at i on  of  tho  object  codo 
Is  Strictly  prohibitad. 

. K  a'or’ora”Y’acn”'ft*as  a'ar  c’h  ”c‘or ’po’r’aTVo’n”"* . . . 

Coorgla'lnstltutoofTacnnology 
Atlanta.  Caorgla  30333  U.S.A. 

.  Copyright  Ic}  CTRC 

ALL  RIGHTS  RCSERYEO. 

/SYS  SAYEiCTl  STRUOL:CTIST5101. COB/I F_ltUSBR0A7.0S/ir  2*CTI  S TRUOL : C T I  $ T I lOl.OS/MODUMR/If  3i0YTEMr.THr/TCMr0RARY/ir_«iCTI_STRU0L:Mtl 
T.Os7pOOL  INCR»  I  5314/ I  R  7  •  R  L  0  T  R  I  L  .  0  S /WR  I  T  E  /  H  0  L  E  0»-4  ~  “  *" 

’iYfc’u‘b‘C'”*WT3'3Vli >‘i'NWli?b~^'lNMfe'b'*‘ . . . 

•aaCTSTRUOL*** 

RElSASe  DATE  VERSION  MOO  LEVEL  COMPLETION  NO. 

- BTCTWiTK  rm  8 101  VAX  i  3T5T 

aaaa  ACTIVE  UNITS  •  LENGTH  WEIGHT  ANCLE  TCHRERATURE  TIME 

aaaa  ASSUMED  TO  BE  INCH  ROUND  RAOIAN  RAHRENNEIT  SECOND 


UNITS  KIRS  INCHES 
JOINT  COORDINATES 
*A*  O  O  O  SURRORT 

1 1  i-TTTTTrTrnr^'rrirT - 

TYRE  SPACE  RRAHE 
MEMBER  INCIDENCES 

'jyi'HrKKrrAm* . * . . . 

*A*  MOMENT  Y  MOMENT  Z 
*B*  MOMENT  V  MOMENT  2 
CONSTANTS 

E  3  ITTffft"  ■  "  “ "  '  ■  ■  " 

t  1 1300 

MEMBER  RRORCRTIES  TABLE  *STCELW‘ 

I  TABLE  ‘STEELW*  ‘Wt3X7t* 

. . . 

MEMBER  LOAD 

1  MOMENT  X  GLOBAL  CQNC  10  L  35 
MEMBER  LOAD 

i  HOTgTmrTmrr"eflwe  n'  i  m - 

STIRRNESS  ANALYSIS 

TIME  FOR  CONSISTENCY  CHECKS  FOR  1  MEMBERS  0.14  SECONDS 

TIME  FOR  BANDWIDTH  REDUCTION  0.00  SECONDS 

YTMt"*rb*"d<NfBi:TK . V**ifl’MWiiNr**jrYfi»’:”'RiKYKrddi . o.-dT-SECdNOS’ 

TIME  TO  PROCESS  3  MEMBER  LOADS  0.11  SECONDS 

TIME  TO  ASSEMBLE  THE  STIFFNESS  MATRIX  0.03  SECONDS 

TIME  TO  PROCESS  3  JOINTS  0.05  SECONDS 

TiHi^Tgnnri"vg"wmi - rTmrrrnTJn - orrmrronrr 

TIME  TO  PROCESS  3  JOINT  DISPLACEMENTS  0.00  SECONDS 

TIME  TO  PROCESS  1  ELEMENT  DISTORTIONS  O.Ot  SECONDS 

TIME  FOR  STATICS  CHECK  0.01  SECONDS 


OUTPUT  it  MEMBER 

LIST  SECTION  STRESSES  POSITION  ALL  MEMBER  1  SECTION  NS  4  O  35  3S3  340 


aRESULTS  OF  LATEST  ANALYSES* 


PROBLEM  •  Wt3X7a  TITLE  •  F 1 NNE D • P I NNB 0 


ACTIVE  UNITS  INCH  KIP  RAO  0E6R  SEC 


INTERNAL  MEMBER  RESULTS 


■tfimni;* . 

Stfcfss 

'KOM 

POSITION 

AXIAL 

V  <HEAR 

I  SHEAR 

Y  »  r.  H  D  1  M  C 

Z  BENDING 

COMBINED  NORMAL 

’  MEMBER.  1 


:*l#’A‘6‘vhk 


o.oooooooE*oo  o.ooooooocaoo 
*o.oooooooe*oo  o . oooooooE*oo 
o.oooooooeaoo  o.oooooooeaoo 
0.00000001*00  o.oooooooc*oe 
o.oooooooc*oo  o.oooooooE*oo 

o'.  bbO'obbb (  ♦  b'b . o  '.'b'o'ob'o'boE *♦'6*6* 

0.00000005*00  o.oooooooc*oo 


0,00000005*00  0.00000005*00 

'VTO  o  6o66oC*oo  o.oooo  tTob  £  o’ 
O. OOOOOOOC*00  O . 00000005*00 
0.00000005*00  0.00000005*00 

0.00000005*00  0.00000005*00 

'o’.  bbobO'b'b E ’* bb . 6 bbbbb ob  E  *  ob' 

0.00000005*00  O.OOOf>  0005*00 


0.00000005*00  0.00000005*00 

0.0000  o  bb  t  *0*0  0.0  0  0  b  o  o  oT  ^  0  6' 

0.00000005*00  0.00000005*00 

0.00000005*00  0.00000005*00 

0.00000005*00  0.00000005*00 

b  .  ob'o 0  00 be  ♦  b i> . o  .  o o ob co b e  •  bo 

0,00000005*00  0.00000005*00 


0.00000005*00  0.00000005*00 

VTocrbVo  b’o  if^ob  cT'b'o  boWo*  t  6  5" 


O  OOOOOOOf*''A  r>  n<'O0''0rr* 


O  .00000005*00  O  00000005*00 

*0  !~b 006c»O0£*0u  <~”^'b"bc~o'b Crc~ob- 


c  00000005  *  or 


o.oooocoor«oo 


•r.  o 


Sf t.ooo 

1 

t 

a 

o . eooooooe*9o 

0>e999000C*90 

9 . 9090990e*90 
0.0999909C«99 

0.99999996*90 

0 . 00000906  *00 

9 . 99000006*99 

0 . 00090096*09 

4 

MKi.tT-rinmM 

~”6'^966^6<^64*d6 

■  0 .  d6d^'o’5’<*"oo 

0,00090006*00  ~ 

s 

0 . eooooeoe^oo 

9 . 9999999e*90 

0 . 9099099e«O9 

0 . 9000999e*00 

0 . 00009006*00 

0  .  OOOOOOOC  *00 

( 

9 . 90000e0l«90 

9 .9990999e«99 

9 . 9999909e*90 

0  .  OOOOOOOF  «00 

0 . OOOOOOOC  *00 

0  .  OOOOOOOC  *00 

7 

0 .  oooooooe*'Oo 

9 . 9999909e«00 

0 .9009900C»90 

0 . 00099006  *90 

0 . OOOOOOOC  *00 

0  .  OOOOOOOC  *00 

ato . ooo 

\ 

0 . 9000000F ♦OO 

0 . 90909eoe«oo 

o . ooooeooe*oo 

0 . 00090906  «  00 

0 .  oooooeac  *00 

0  .  oooooooc*oo 

7 

0 . oooooooe ♦oo 

9 .  oooooooe«oo 

0 .  ooo9oooe«oo 

0 . 00000006  *00 

0  .  OOOOOOOC  *00 

0  .  OOOOOOOC  *00 

a 

9 . OOOOOOOf ♦OO 

0 . 0000000c«09 

O . 09000001*00 

0 . 00000096  *00 

0  .  OOOOOOOC  *  00 

0  .  OOOOOOOC  *00 

4 

0 . oooooooE*oo 

0  .  OOOOOOOC  *00 

0  .  OOC060OE • 00 

0  .  OOOOOOOE • 00 

0 . 00000006  *00 

0 . 00000006  *00 

s 

9 . oooooooe«oo 

0 . oooooooe  *00 

0 . oooooooe*oo 

0 . 00000006*90 

0 . 00000006  *  00 

0 . 00000006  *  00 

t 

0 . 0000900F-»00 

0 .  oooo90oe<*oo 

0 . oooooooe*oo 

0 . 00000006*00 

0 . OOOOOOOC  *00 

0 . 00000006*00 

1 

0 . oooooooe^oo 

0  .  oooooooe^oo 

0 . oooooooe*oo 

0 . 00000006*00 

0 . 00000006*00 

0 . 00090006*00 

FINISH 


''GTSTRUDL"  INPUT/OUTPUT  FILE  PRINTOUT 


Probl em: 
Beam  Selected: 
End  Conditions: 


4 

W14x90 
Fixed-Fi xed 


Anal  yses  taken  at  3  Locations : 


Location  1:  0  inches 
Location  2:  240  inches 
Location  3 :  480- inches 


KISTmCTCO  KICNTS  tCCfUD 


OW9lic«tt«n»  •r  discivtur*  Oy  th«  US  Cov«^nfN«nt  is  sut»j«ct  to"^ 
r«gtPtctl«AS  «S  S«t  In  suBparagraph  tC}  IM  (II)  of  tha  Plnf**5* 

In  Tochnleal  Oata  anp  Caioputar  Softwara  ciauto  at  DFARS  3S  2 . 22?  •  i  a  . 

*#^•*1*6  **c  oiipii*t’of‘*’poV  t*i*ar‘o**Yfc*'*an  **onpu*D’1  I’sh  ap’***  w'or*k**"**c  ont’a  VnTnQ’*’*Va  Yuau* )  a  **t*r  aua* 
sacrats  ownad  by  tna  Coarpla  Toen  ftataa«‘en  Corporation  (CTPC).  No  accass, 
uaa.  tranpfar.  dup 1 1  eat  l on  or  diselosura  thoraof  «ay  be  maao  oaeopt  under 
a  ticanso  aproawont  awacutod  by  CfC  or  it»  autworlyod  r  upr  osont  at  i  van  and 
no  right,  title  oV'T'nVar ast  tharato  is  conveyuu  or  prantwij  hurutn  notwitn* 
Standing  racalpt  or  possasslon  haroof.  Docomp ( lot  I  on  of  the  object  ceau 
Is  strictly  pronibttod. 


. . . ’d'oor'o  Vo  "Y'e'c  h"’ ft'os  oa  r  c’li  *C  or  por  a  t  t  o  fi 

Caergia  Institute  of  locnnologv 
Atlanta.  Coorgia  30332  U.S.A. 

Copyr  i  ont  ( c ]  C  7  ft  C 
All  RIGHTS  RESERVES. 

/SYS  SAVEiCTI  STRUOl:CTI$TSIOI.COB/JF^»tUSEROA7.0S/If^2iCTI^STftUOL:CTtSTS10t, DS/«ODUMP /ir_3iOVTtMP.TMP/TEMrORARV/lf_<»CTI_STRUOL:HCl 

t.os7fooi  iMCftt »s3»«/ir  7 t oiotf i i , os /wr r te/moie^oi • *  -- 

iTiku'6'l‘'‘‘'wT4  x*o '■■■■•>  r«i  E  o‘*7  rjii'6  '* . 


T  R  U  0  I 


RElEASe  DATE 


MOO  LEVEL 


COMPIETIOH  MO. 


9  1 0  1  VAX 

1 

iaii 

•  • • •  ACT  I VE  UNITS  • 

LENGTH  WEIGHT 

ANCLl 

TEMPCRATUnC 

1  IME 

••••  ASSUMED  TO  BE 

INCH  POUND 

RADIAN 

PAHRENHE 1 T 

SECOND 

UNITS  KIPS  INCHES 
JOINT  COORDINATES 

*M*  000  SUPPORT 

TYRE  SRACC  FRAME 
MEMBER  INCIOENCCS 


*  W  1  4  M  S  0  ‘ 


•STBC174 • 


•e'bN'frKMYi . 

E  21000 
C  I  1200 

**^^***_^**^^^*'^!^^  table 

LOAOINC  I 
MEMBER  LOAO 

I  FORCE  V  GLOBAL  UNIFORM  W  *.01  LA 

>4‘E'iKIYii'’l‘'6Xb . 

I  MOMENT  X  GLOBAL  CONC  SO  L  340 
MEMBER  LOAD 

1  MOMENT  X  ClQBAl  UNIFORM  W  .3  L 

TTrmfrrr  XNAivui - 

TIME  FOR  CQNSISTEMCT  CHECKS  FOR 
TIME  FOR  BANOWtOTM  REOUCTION 


O  LB  4  A  0 


MATR ICES 


I  ELEMENT  ST  I f  . 

. yMEMB'EVt  b'A'Bs . 

3  JOINTS 

3  JOINT  OtSFLACEMENTS 
1  ELEMENT  DISTORTIONS 

TrM!”F'ai  I TA T  rc K C K 

OUTPUT  BY  MEMBER 

LIST  SECTION  STRESSES  POSITION  ALL  MEMBER 


TIME  TO  GENERATE 

'f  i¥ir“y«*  i^m‘iss 

TIME  TO  PROCESS 
TIME  TO  PROCESS 
TIME  TO  PROCESS 


O  .  I S  SECONDS 
O  .  OO  SECONDS 
0  .  to  SECONDS 

'6'."iV"sE‘CONO'4" 

0  .  OO  SECONDS 
0.00  SECONDS 
O.Ot  SECONDS 
0.00  siftONbir* 


SECTION  NS  3  O  340  440 


•RESULTS  OF  LATEST  ANALYSES* 


TITLE  • 

FI XEO- 

•  r 1 xeo 

ACTIVE  UNITS  INCH 

KIP  RAO 

OECF 

SEC 

)•« Y ES nA'C ■  "MEWS 'E'A‘ ‘  R E' S U l  t S' 


MEMBER  SECTION  STRESS 


OISTANCE  / .  STRESS  . . 

FROM  START  POSITION  AXI41  V  SHEAR  2  SHEAR  V  BENDING  2  DENOIMC  COMBINCD  NORMAL 


LOAOINC  I 


’O'Vbbo . t . bVboo'ooboY  •  6’6 . 6”.‘6bb'6o6'bfc”*’6o . b’Vbbbbobbt"'*bb . bVbbbbbobc.' V b'o . t'/'iTi  i  e'*? . tVi’i'D  l  •  Y . 

7  0  .  OOOOOOOC ♦ 00  >0.14  1  4744  >0.5803(40  0  .  O 0 O O 00 O E • O O  t.?137B7  C  .  7  1  3 ? « T 

3  0.00000001*00  0.00000001*00  0.00000001*00  O  .  OOOOOOOC *O0  C.7t3247  6.7t3?«7 

•  O . OOOOOOOS *00  0.00000001*00  O . OOOOOOOt *O0  0.00000001*00  *6. 713347  •t.7?37;7 

s  0.00000001*00  •  o  .  9  4  t  4 7  «  4  •  6 3  tVo**  0 '.  o 0 o o o'o o c”*'bo  -  c  .  7  I  3  rr*;  *c~^‘T2~3'e  Y  ■  ■ 

4  0  .  O  OOO  OOOE  *  OO  0.0  0000001*00  0.00000001*00  0.00000001*00  •C,7'3787  •  f  .  *’  >  3  7  t  7 

7  0.00000001*00  >2.111372  0.00000001*00  0 . O C O O 0 0 O F ♦ O O  0.00000001*00  0 . OOOOOOO C ♦ 00 


■■b’.”b'6'd‘b6bbc”*bb  ‘ 

O . 00000001*00 
O . 00000001*00 
O , 00000001*00 
T’wY)V'o~obo“i“‘b'o'~' 
. ccooooor  *00 


■  ■  6 b b bboo' b '€  ♦  b o' ' 

O  .  OOOOOOOE  *00 
O  .  OOOOOOOE  *00 
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"GTSTRUDL"  INPUT/OUTPUT  FILE  PRINTOUT 


Problem:  6 

Beam  Selected:  W10x^9 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Locations : 

Location  1:  0  inches 
Location  2:  96  inches 
Location  3:  192  inches 
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Problem:  8 
Beam  Selected:  W8x67 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Locations 

Location  1:  0  inches 
Location  2:  32.4  inches 
Location  3:  108  inches 
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"GTSTRUDL"  INPUT/OUTPUT  FILE  PRINTOUT 


Problem:  9 

Beam  Selected:  C10x20 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Locations : 

Location  1:  0  inches 
Location  2:  18  inches 
Location  3:  60  inches 
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" GTSTRUDL”  INPUT/ OUTPUT  FILE  PRINTOUT 


Problem:  10 
Seam  Selected:  C12x30 
End  Conditions:  Fixed-Free 


Analyses  taken  at  3  Locations : 

Location  1:  0  inches 
Location  2:  32.4  inches 
Location  3:  108  inches 
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Problem;  11 
Beam  Selected;  C5x9 
End  Conditions;  Fixed-Free 


Analyses  taken  at  3  Location: : 

Location  1;  0  inches 
Location  2:  12.6  inches 
Location  3;  42inche3 
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